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ABSTRACT

This studv was undertaken to demonstrate the (easibility of appiving expert
svstem technology to the Navy's H-36 helicopter maintenance prccess. A
microcomputer-based prototvpe known as a computer-aided diagnostic system (CADS)
was developed for this purpose. Given a helicopter electrical or nhyvdraulic system
discrepancy, the troubleshooter interacts with CADS to find the cause. The protctype
CADS was developed utilizing the M.l knowledge-based system development toci by
Teknowledge, Inc.

The complexity of helicopter systems diagnosis, and inadequacies of the
maintenance manuals, often resuit in unnccessary removal of svstem ¢components. The
prototype CADS is intended to demonstrate that a [ully developed svstem. contairing
all the formal and heuristic knowledge of 1-46 diagnostic information, could eliminate
these problems. Also, such a diagnostic system could provide a comprehensive, stable
diagnostic knowledge base, regardless of personnel turnover.

This study includes a description of current helicopter maintenance procedures,
and how the integration of CADS could improve this process. Also included are
descriptions of expert svstems and the M.l knowledge-based system development tool:
how they work. and their applicability to structured selection problem-solving. The
development and testing strategies used for CADS are discussed in detail. Results,

cenclusions, and recommendations for further study are provided.
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I. INTRODUCTION

A.  GENERAL
Three objectives of the Naval Aviation Maintenance Program’s (NAMP) aviation

material readiness standards established by the Chief of Naval Operations {CNO» are:
1. Achieve, for all Navy and Marine Corps aircraft. a 787, mission capihle rate
for deploved aircrait and a 73% mnussion capable rate overalll a ol”. full
svstems capable rute for deploved aircraft and a 507 full svstems capable rate
overall.

2. Reduce the growth rate in Maintenance Man-hours per  Fhcht-Hour
(MMH FH) to zero and maintain a level no higher than the FY-78 averaye.

(%)

Reduce the growth rate in maintenance and support costs per flight-heur to
zero and maintain a level no higher than the FY-7% average. [Rell 1 p. 2-1;

[t is the responsibility of Naval aviation squadrons to meet these cbjectines with
optimum use of manpower, material, and funds. Such i1s the case with the United
States Navy's and United States Marine Corps’ 21 H-46 hclicopter squadrens. The
Fl-36 Sea Knight 1s shown in Figure 1.1.

The H-46 Sea Knight was developed and manufaciured by the Beoeing Aircrait
Company’s Vertol Division in the 1960s. Since that time manv of the heiicopier s
svstems have been modified or changed completely. Incrcasingiv complex helicoprer
svsterits and the diverse nature of Naval aviation operating requirements place a high
preraium on the ability of squadron maintenance people to achiceve the aircraft material
rcadiness standards. This ability is a function of the training that these people receive
and the tools at their disposal. Any means that can be used to increase the
effectivencss of the maintenance process should enhance the ability of achieving these
ohjectives.

Artificial intelligence techniques offer a promising means for helping maintenance

personnel. Specifically, the tvpe of computer program known as an expert svstem

deserves consideration for this purposc. A pPrototyvpe eXpert svsteni program Xnown as
the Computer-Aided Diagnostic Svstem (CADS) has been developed by the author to

test tiie value of such a system; that is, to demonstrate feasibility and applicability of

expert systems technology to Naval aviation maintenance.




Figure 1.1 H-46 "Sea Knight” Helicopter.

B. BACKGROUND

To understand the application of CADS a brief familiarization of the helicopter
squadrons’ current maintenance troubleshooting process is necessary. When a
helicopter system discrepancy is discovered by pilots, aircrew, or maintenance
personnel, the discrepancy is documented on a Maintenance Action Form (MAF).
The MAF is processed by the squadron’s Maintenance Control Office, which routes
the MAF to the appropriate maintenance shop, i.e., hydraulics shop, power plants
<hop, or electrical shop. The maintenance personnel of the shop, who are trained in
that specific aircraft system, follow the Maintenance Information Manuals™ (MIMs)
troubleshooting procedures to isolate the problem or symptom. find the cause, then
take the appropriate corrective action. There are appronximatelv 15 separate MIMs
volumes. Each volume contains troubleshcoting procedures for a speatic hehicorrer

svsienl.

C. APPLICATION OF CADS

CADS is designed as a prototvpe microconiputer-based expert system to aid
maintenance personnel (or other squadron perscnnel) diagnose hehicopter equipment
failures. Given a helicopter system discrepancy, CADS wiii help find the cause of the

discrepancy.

N




Heiicopter aircraft svstems are complex. Finding the cause of a heloorter sy
discrepancy can invelve difficuit and ume-consuming roulieshootng techmgies. Yo
mainienance people must be able to repair helicopter problems quuean wod efficenta
to provide aircraft that are fully svstems-capabic 1or the nent operationa comautmert,
When the aircraft problem is complicated, difficuit to troublesheoot, and net coverad
adequitely i the MIMs, troubleshooting sometimes becomes the mere chanumne o
bluck boxes and hoping the problem will become fixed. This can resuit in curng the
sympton but not the cause, aggravation of the problem, and time and money waered
I maintenance man-hours and parts costs. It 1s anticipated that the use of o rulis
develeped CADS could reduce or even elinunate this problem.

CADS also can be used in the sguadron as a training toc! for maintenance
troubleshooting procedures. A fully develoned CADS would contain knowledge
representing the entire maiitenance diagnostic expertise of an aircrait community.
Utilizing the trace feature of this expert system, maintenance persons perhaps couid
observe CADS’ reasoning process in f{inding the cause of the problem, given the
discrepancy.

Such a fully develoeped CADS would aiso provide a compreiensive, stahle
diagnostic knowicdge base, regardless of personnel turnover. The nature of military
tours ol duty creates tiwe probiem of loss of cerporate knowledge as experienced peopie
are transferred elsewhere. The dingnostic skills of maintenance experts would remun in
the squadron’s CADS long after the experts have departeld.

The 11-46 helicopter has recently undergone sigmficant svstems modifications in
an effort to extend 1ts serviceabie iife. Under the Surviveabiiity, Rehabilizv, and
Maintumnability (S,R.&NM) Program all H-46 “A” and "D” models will have sigrificant
svatems modifications, and be redesignated CH-36D. A problem associated with the
S.RU&NT Program s the lack of knowledge concerning the modified helicopter svstems
«mong operational squadron nersonnel. The CADS developed for this project contuwins
the trounieshooting precess as deseribed in the updated MIMs for S.R.&M helicopters
CCH-d0D4, and knowledge acquired from wdentificd H-46 experts.

Aithough the CADS developed for this project is not truly fully developed. it can
seive as 4 prototype  to Jemonstrate the feasibility of applving expert svstem

technelos to the United States Navy's H-d6 helicopter maintenance diagnostc
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D. OBIJECTIVES
The objectives of this study are as follows:

1. Develop a prototvpe CADS to demonstrate the feastbility of applving expert
svstem technoiogy to a maintenance Jdiagnostic process. The diagnostic expert
svstem program is written by the author unhzing the M.l Knowiedge Syvstem
Development Tool (version 2.1} bv Teknowledze. Inc.

t

Demonstrate the CADS applicability to the United States Navy's H-46
helicopter maintenance process.
E. RESEARCH QUESTIONS

The main question addressed in this study can be summarized as:

[s a computer-aided diagnostic svstem feasibie and applicable to the United
States Navy’s H-36 helicopter maintenance process?

Secondary questions pertaining to the research areas are:
I.  Squadron applications.
¢ How would the maintenance personnel use CADS?

e How could the CADS knowledge base provide a valuable training tool for
maintenance personnel?

e Could the CADS knowledge base contain the corporate knowledge of the
H-46 helicopter community’s maintenance diagnostic expertise, rcgardless
of personnel turnover?

¢ Can other people in the squadron use CADS program besides maintenance
persoennel? How will they use CADS?

e  Why is development of CADS particularly germane in view of the recent
H-46 svstems modilications (S.R.&M)?

2. Use of CADS.
¢ What interaction is required between CADS and the user?

e  What are the hardware, software, and memory requirements’?

F. SCOPE AND LIMITATIONS

This research focuses on the developmient of the CADS prototype program, and
on its applicability to the helicopter maintenance process. The prototype CADS
includes knowledge related to diagnoses of the hydraulic and eiectrical svstems of the
S.R,&M CH-46D helicopter. The prototvpe addresses every symptom and problem
cause for these two systems as specified in the MIMs troubleshooting tables. It aiso
contains a limited amount of the heuristic knowledge of Naval Acronuutical

Engineering  Service Unit  (NAESU) technical  representatives, and  squadron

'y




maintenance experts. A fullv developed CADS is bevond the time and monetary

constraints of this research. The prototvpe CADS software is intended as an aid to

using the MIMs. The prototyvpe is by no means a replacement for these technical

puoiications. However, ultimately a lully developed CADS could preclude the use of

written maintenance manuals.
This rescarcn will not include a discussion of CADS implementation issues in the
helicopter squadrons. Testing the diagnostic expert svstem program in the squadron

will be limited; therefore the program cannot be considered compieteiv validated.

G. ORGANIZATION OF STUDY

Chapter II contains a description of the Naval Aviation Maintenance Program'’s
Maintenance Data System (MDS). Discussion includes maintenance documentation
procedures, troubleshooting procedures, and how integrating CADS could enhance the
process, thereby improving readiness of the squadrons. Chapter 11 discusses
Kknowledge-based expert syvstems, and the M.l knowledge-based system development
toci. Chapter IV describes in detail the development of the prototvpe CADS, and how
it works. Chapter V discusses the results and conclusions of this research. It also
provides suggestions for further study, and recommendations for the use of CADS and
M.l Chapter VI provides an executive summary of this studv and its results.
Appendix A contains a glossary of acronyms used in this study. A sample diagnostic
consuitation session is contained in Appendix B. The prototype CADS knowledge

base 1s contained in Appendix C.

13
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1I. SQUADRON MAINTENANCE:
CURRENT PROCESS AND CADS INTEGRATION

Prior to describing how expert systems work and the CADS development
process, 1t 1s necessary to describe the aviation MDS used by the helicopter
troubleshooters, in order to understand how CADS would be integrated. This chapter
explains  MDS. maintenance action documentation procedures, iroubleshooting

procedures, and integrating CADS into the troubleshooting process.

A.  MAINTENANCE DATA SYSTEM

The MDS was developed to provide data input to the NAMP for the purpose of
mecting the aviation material readiness standards established by the CNO. The
description of MDS is quoted directly from volume 11 of NAMP:

The MDS is a Management Information System (MIS) designed to provide
statistical data {or use at all management levels relative to:

a. Equipment maintainabilitv and recliability.

b. Equipment configuration, including alteration and Technical Directive (TD)

status,
c¢. Equipment mission capability and utilization.
d. Material usage.
e. Mauterial nonavailability.
f. Maintenance and material processing times.
g.  Weapon system and maintenance materiai costing. [Ref. 2: p. 11-1]

The MDS requires that any work done on an aircraft is to be documented by the
person performing the work. The maintenance person converts a brief narrative
description of the job into codes and enters the coded information onto standard forms
or source documents. The source documents arc collected and forwarded to a data
service facility, where the data are converted to machine records. From these records
Muintenance Data Reports (MDR) are produced, which are periodic report listings
summarizing the maintenance data. The MDRs are supplied to squadron maintenance

SUpervisors to assist them in planning and directing the maintenance cffort.
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Application of the management information provided bv the MDR assists in
wentifving, among other things, trend analvsis of the following:
e Arcas in which there are skiil or training deficiencies.
¢ Efficient or inefficient use of available manpower.
¢  Parts with high failure rates.
s [nadequate roubleshooting.

These four arcas are specifically noted as they are most applicable to this research.

B. MAINTENANCE ACTION DOCUMENTATION PROCEDURES

One type of MDS source document is the Visual Information Display
Svstem, Maintenance Action Form (VIDS'MAT) shown in Figure 2.1. VIDS MAFs
are used to document over 17 specific types of maintenance actions, as outlined in
NAMP. Included are such maintenance actions as troubleshooting man-hours,
removal and replacement of aircraft parts, repair, the performance of scheduled
inspections, and accumulated man-hours as a result of work stoppage for parts or
maintenance.

A VIDS'MAF is originated by the squadron Maintenance Control Office
personnel or by aircrew, when an aircraft discrepancy is discovered. The form is also
used to document scheduled periodic maintenance or special aircraft inspections that
become due. The initiated VIDS -MAF provides for recording, among others. the
following types of data, quoted directly from NAMP:

a. Job Control Number (JCN).

b. Identity of the organization and the work center in which the work is being
performed.

c. The wype equipment, system, subsvstem, and component upon which work is
being performed.

d. ilow the malfunction discrepancy failure occurred. and when it was discovered.
and the action taken to correct it. {Ref. 2: p. 11-3]

Maintenance Control forwards a copy of the VIDS MAF to t' -~ appropriate
work center. lFor example, if the discrepancy 1s “No.l Generator failure light
tliuminated in flight”, the VIDS MAF copy will be routed to the electrical shop. The
work center supervisor scrcens the document, enters applicable data, and assigns
workers to the task.

When complex problems occur, troublcshooting often requires a great amount of

time. In thesc cascs troubleshooting time is separated {rom repair time by

Tttt tat e et
i".-‘.'\’ ‘/‘I-(-J -’-'J" .

Zall Al At

RNy et

Cah

A 4y

»

.{:’-,

v

£

M

2 I

Ay o

Tt

.-
N B Wi )

’ d



IR T TN TN

x
;
b

‘I
:': COPY 1
X No. SWP 4826 S PART FORM [| ENTMIES REQUIRED SIGNATURE
) WORK CENTER REGISTER. CONTROL AND PROCESSING COPY USE BALL-POINT PEN PRESS HARD |MONE OGS AtC
"4 VIDS/MAF amav 4790/60 MEV 282 SN 0107-05-047.9304 .
! acaL ust ACCUMULATED WORK HOURS ii ACCUMULATED AWM HOURS
NAM L Dt ooL W0 JATE MAN OQURS  ELAPSED M/T ! DATE TIME EASON WOUAS -
T 1y L
W | P 0| Bl l H
‘"c ' T T ‘ T
\_ | | |
A 11 1 T
e | | t |
» T 1 T
' l ! ) 1
AEFERENCE } i T I j"—‘
1 i |
1 1} T
H" I ] ] I )
% T T T
E&" | . . .
2 [L1F:] F'AALEDM‘EQumED MA\’E::AL =

9 o8 o8 10 n 18 1 IX] a8 49 (2]
INQEX  $/8 Awe AT MAL MIGR PART Ny MEEN REE SYMBOL Qry -y - DATE ORO ALQ MO OATE n¢C

icial | | | l
i al |
I=]ia] |
algl |
ool | _

SN0 (meeamy Mt Er  fW cems NYREY S

I "-

REPAIR CYCLE
JATE [{-.

INSTALLED/NEW ITEM
GO8 wmR G123 SEMAL NUMBEA

REmVED/GLD ¢ e
© -m 112 SURAL s R EW"'

- I P N
X0 . ki‘ "" L am R \—g :-.a..
ReCIrvVeD uL'fq'ibl I@@)é‘ !r" LT < PN
'lu iu mnnuu& e G2 PART NuM 84A
1N WORK ”- A A.A....r ‘\/4. k‘;" <
1) Pt S
cmnmcl i (] nwg_vc.u te] NMU/CYCLES |82 NMUCTCMES || G38 NMUCTQLIS |Gad NMUCTCLES | GAS TIMUCTCLES
AWATTING MAINT ENANGE <R R ';-‘;."'v,.':..:'-'J I

[«
138 839 MOUR 844 #OUR a0 MOUR
si_gll Sﬁl ouns —

| 1
MAINTENANCDSUPPLYRECOAD 1) = | (€N T ol L \G W L

JOS STATUS  DATE TME €0C

¥ ‘na i“. qu 1 Luluamd W) P\TG‘) I Ll (7\"\‘(

. s s 1 |‘S"m{%{;&_{§
coe coe [3F] 3K
l ' I T o
&0 icn \)as iu. ; ) '
=] ) =} Y] ;
I | I |
N can e [as w
!
1] ca? ]Cl‘ r’l ) [ vme wae
i
oos oo 013 jor? D Q
l | \FcommeCTiD 8Y #SPECTED OY SUAERVISOR lwwn‘ CONTROL
JOB CONTROL NUMBER |-roemcomel
- e ceem e 'L, T [ MOGER | P | TUR N GOCLMENT SYSTEM, REASON N
ol O il s €% |

Figure 2.1 VIDS MAF Showing No.l Generator Failure Light Discrepancy.
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documenting two VIDS MAFs: one to reflect troubleshooting time, the other to
record repair time.

AASASS

C. TROUBLESHOOTING PROCEDURES

‘;'. The maintenance personnel assigned to correct the discrepancy consult the
._: appropriatc MIMs volume. In the above example, it would be the Electricai Svstems
: volume. Within cach of the 13 MIMs volumes are either troubleshooting tables or
troubleshooting sections, which outline isolation procedures for svstem svmptoms.
" Maintenance people from the work center perform the isolation procedures. Jiagnosing
v the discrepancy to find the causc of the problem. Consider the exampie symptom of a
-J‘:'. No.l Genrerator failure light that has illuminated on the helicopter’s cockpit caution
light pancl. This svmptom description would be entered on the VIDS MAF bv the
E aircrewman who discovered it, as shown in Figure 2.1. It is similarly listed in the
- MIMs troubleshooting tables as "GEN FAIL light on (both gencrators oni rotors at
flight RPM" [Ref. 3: p. 3].
he maintenance workers search the troublcshooting tables of the Flectrical
_‘ System MIM for this specific symptom. then perform the isolation procedures. A
\:'_‘ portion of the troubleshooting tables, which they would use for this particular problem,
. 1s cortained in Figure 2.2 [Ref. 3:p. 3]. Other than what is contained in the
-~ troubleshooting tabies, the MIMs do not fully describe each step of action and its
consequences. The troubleshooters learn this through training and experience. This
experience could easily be included in CADS. A flow diagram of this troubleshooting
procedure for this example is shown in Figure 2.3 to assist the reader.
According to the MIMs troubleshooting tables, there are two possible outcomes
": from this isolation procedure, i.e., 1) the generator comes on line, and the No.1 GEN
g FATL light extinguishes, or 2) the No.l GEN FAIL light remains illuminated. For the
:'.: first outcome. the MIM gives the cause as a supervisory panel maifunction. For the
sccond, the troubleshooters performi subscquent isolation checks, to find the possible
:: cause of the generator failure. Sce Figures 2.2 and 2.3.
This structured, methodical process of searching for the possible cause of an
" aircraft problem is universal in Naval aviation maintenance. Having found the exact
. cause of the problem after performing all applicable isolation procedures, the
* maintenance workers again refer to the MIMs. Each problem cause has specific
f. corrective actions, which are brieflv mentioned in the troubleshooting tables. Detailed
5 corrective action procedures are contained in other sections of the M1 Ms.
'; 17
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D. One DC BUS light on (either or both
generators on) rotors at flight RPM.

6. Table 1 includes isolation procedures and
corrective actions for symptoms identified by
letters as follows:
E. Opposite DC BUS light on (one generator
A. GEN FAIL light on (both generators on) on) rotors at flight RPM.
rotors at flight RPM.
7. When troubleshooting the AC/DC generation
B. One ESSENTIAL BUS light on (either or systems refer to the following schematics:
both generators on) rotors at flight RPM.
a. AC System — WP 003 00, figure 2.
C. One or both ESSENTIAL BUS lights on

(associated with one generator) rotors at flight b. DC System and Battery - WP 004 00,

RPM. figure 2.
Table 1. AC System Troubleshooting
CAUSE ISOLATION PROCEDURE CORRECTIVE ACTION
A. Gen Fail Light On (Both GEN's On) Rotors At Flight RPM.
Supervisory With generators "OFF" It generator comes on line,
Panel cross connect the opposite remove and replace super-
Malfunction Supervisory Panel into visory panel.
malfunctioning system
using both test cables (figures
1 and 2) turn "ON" discrepant
AC system.
Generator With main generators selected If voltages are correct, check
Malfunction and both generator switches "ON", | phasing, contactor control and
check for 115 to 120 vac pins A, B, switch control. If all voltages
and C to ground of the related are missing or very low, check
generator test recaptacie excitation, PMG output and
(161J3) (161J4) or terminals M, feeder fault. If one or two
P, and R respectively of the voltages are zero, check gen-
terminal board on generator erator feeder wires. (NOTE:
test cable (figure 1). Voltage readings taken at test
receptacles with generator
switch 1n test position are no
load voitage indications.,
These readings may not indi-
cate an RFI generator.
PMG With generators off, connect the If voltage is low, disconnect
Qutput generator test cable (figure 1) test cabie receptacle at helicop-
Incorrect between the supervisory panel ter cable plug and repeat
receptacle and connector plug measurement. If voltage does
(241 P5) (241 P6) on the maifunc. not rise to approximateliy 38
tioning system. At the test termi- vac, the pm section of the gen-
nal board, check for approximately | erator is defective. If voltage
38 vac between ground and term- is normal, check exciter wind-
inal E and terminal H. ing.
Figure 2.2 Electrical Systems MIMs Troubleshooting Table.
18
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ACSYSTEM SYMPTOM:

ISOLATION
PRCCEZDURES
QUTCOMES.

[ #1 GEN FAIL Light On

F’erform first isolation procedure ]

Generator Comes On Line anag
GeN FAIL Light Extinguishes

Problem Cause = Supervisory Panel
Maifunction

ISGLATION
PROCZDURES
QUTCOMES:

Generator gaoes notcome
online
GEN FAIL Light Stiil ON

Perform 2nd Isolation
Procedure

ONE QR TWO VOLTAGES
ZERQ

[ VOLTAGES MISSING
OR VERY LOW

VOLTAGES CORRECT

/TN

ISCLATION
PROCEDURES
OUTCOMES:

AT\

Cenneciions incorrect

IMPROPER PHASE ROTATION

Problem Cause = Phasing

iISOLATION
PROCEDURES
QUTCOMES:

Check: Phasing,
Contactor
Control,
Switch Control
Perform Isolation
Procedures

PHASING OK

Perform Contactor
Control Isolation
Procedures

128 wDC NOT PRESeNT |

2ropiem Cause = ‘
Fauity Wining

f—

528\/DC PRESENT -

. Prootem Cause =
 Fauity Contacior
' Controi |

CCONTACTOR CK

Perform Switcn Controt

lsgiation Procecures

/TN

b

»
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Figure 2.3 Troubleshooting Flow Diagram.
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D. INTEGRATING CADS INTO THE TROUBLESHOOTING PROCESS

Diagnesing helicoprer discrepancies is a process which involves more than simply
tollowing isolation procedures in M Ms. [t takes a person with formal Knowledge and
experience to dirgnose accurutely and to snow exactiy which parts are defective. Verv
few mechanics 1n any aircraft squadron are recognized as good troubleshooters
[rndividual . aspiring to be good troubleshooters will constantly refer to the maintenance
manucis, They will also ask the squedron’s recognized experts how effective
troudieshooting is performed. What happens when the manuals contain incomplete
imformation, or have not been updated with current airframes changes? Worse ver,
when the experts in the unit are transterred, who will maintain their Knowledge and
experience needed lor the maintenance effort, und who wili impart that knowledge to
the peopie aspiring to attain those skills?

CADS mav solve some of these problems, but may result in others as well. How
would CADS be integrated into the maintenance troubleshooting process? How would
the maintenance personnel use CADS in this process?

Several assumpzions are necessary before these questions can be answered. These
include:

1. Each squadron work center has (or has access to) a Zenith 248 or IBM PC
compatibiec microcomputer.

2. Lach work center has a copv of the CADS program contained on 825 inch
floppy diskettes.

‘s

All maintenance personnel in the squadron have received training on how to
operate the nucrocomputer, and can boot up the CADS program.

4. All mainterance personnel have received training in the use of the CADS
program.

5. There is a qualified knowledge engineer in the squadron to maintain the CADS
progran.

When the work center receives a VIDS MAT, the workers assigned can
immediatelv boot up CADS to begin troubleshooting. The MIMs will still be required,
as the prototype CADS does not contain the corrective-action repair procedures. The
advantage of CADS is that its use could possibly reduce the time required in
troubleshooting the discrepancy. CADS oflers a much faster means of searching for
the correct isoation procedures {or a problem svimptom.

Using the MIMs is often difficult because the maintenance persons constantly

must turn pages between the troubleshooting tables, the appropriate part diagrams and
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figures, and the corrective action procedures section. Using CADS on a
microcomputer with the MIMs would eliminate the need for constantly referring hack
and forth between sections. The maintenance people can interact with CADS. while
lecaving the MIMs open to the appropriate figures and diagrams. Of course, the
ulumate svstem would integrate a fully developed CADS, all maintenance precedures,
and inciwde all figures and diagrams. Through the use of “pull down windows”, ali
information would be available to the maintenance person on the computer, literally at
his ner finger tips. This would eliminate the need for manuals.

Canes of rarely occurring or particularly difficuit problems may be bevond the
expertise of squadron maintenznce personnel. The symptoms and isolation procedures
ruy not be contained in the MIMs troubleshooting tables. The squadron
Maintenance  Officer  mayv  request  assistance  from  the NAESU  technical
representatives. The NALESU technical representatives are civilian svstems engineers
with in-depth training and experience with specific aircraft svstems. Thev combine
formai Knowledge with heuristics (rules of thumb) to solve the helicopter’'s problem.

The heuristics of these experts are not contained in the MIMs, but could be
contained in a fully developed CADS. Historic cases of problems not addressed in the
MIMs couid be acquired from the experts. then programmed into CADS. Should new
problems occur, they also could be programmed into CADS. This would further
expand and improve the CADS knowledge base. This aspect of CADS is particulariv
important “when there are no technical representatives readily available.

Avuilability of this troubleshooting expertise is olten crucial to deploved H-d6
units of the Navy and Marine Corps. The Navy has five Helicopter Combat Support
Squadrons with 11-46 helicopters. Four of the five squadrons deploy units xnown as
detachments on ships at sea for extended periods (six to nine months). Lach
detachment contains two H-46 helicopters, six pilots, and approximately 20
maintenance men. It is hoped that the detachment members will possess enough
Knowledye and expenience to fix any H-46 helicopter problem that could occur, without
support of the mother squadron or technical representatives. But what if they have a
problem that 1s bevond their expertise? Having a fully developed CADS onboard ship
would prove to be of immeasureable value to deploved H-46 units.

There are also situations in which non-maintenance people in the squadron could
utilize CADDS. A\ common scenario invelves an aircraft and crew that {lv cross country

to arother miltary airfield, which has limited or no HH-46 maintenance support




TR WS W W R Wy W 0 MR ARPNERTN Ju Ar' e Sa® ' ohet At Ll L 2L PO

capabilities. Upon post-flight inspection it 1s found that hydraulic fluid is covering the
entire inboard aft section of the helicopter. The exact source of the leak is not readily
apparent. None of the crew are aviation hvdraulic svstems technicians. Thev call the
mother squadron (cn a Sunday morning) for help. The duty personnel are all
administrative technicians. Although unfamiliar with maintenance procedures and the
use of MIMs, the duty persons could provide immediate information to the stranded
crew. With the CADS diskettes and a nucrocomputer in the squadron duty office, they
could boot up CADS, and tell the aircrew the isoiation procedures for the symptom.
The author believes that integrating CADS into the squadron environment could
improve the effectiveness and effictency of the squadrons’” maintenance efforts. Quite
m0ssibly the improvement would be reflected in the MDRs. The MDRs generated
after CADS intcgration could be compared to those generated prior to CADS.
Reductions of troubleshooting man-hours, removal and replacement of aircraft parts,
repair times, and accumulated man-hours as a result of work stoppage for maintenance

would be possible indications of improvement.
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III. DESCRIPTION OF EXPERT SYSTEMS AND M.

<,

.

-.' - P ~ . . . - -~
‘. A definition of an expert svstem 15 given by Professor Fdward eigenbaum of
7 Stanford University, one of the leading rescarchers in expert svstems:

N an intelligent computer prozram that uses knowjedge und inference
~ procedures to solve problems that are difficult enough to require significant
.. human expertise for their solution. Knowiedge necessury to perform  at such o
. level, plus the inference procedures used. car be thought of as a model of the
2 expertise of the best practitioners of the field.

The knowiedge of an expert <vstem consists of facts and heuristics. The

- “facts” constitute a body of information thut is widelv shared, publicly avaiiabie,
. and generally agreed upon by experts in the field. The “heuristics” are mostly
A\ . - . . . . N . . y
N private, little-discussed rules of good judgment (ruics of plausible reasoning, rules
o of good guessing) that characterize expert-ievel decision making in the ficld. The

performance level of an expert system is primarily a function of the size and the
quality of a knowledge base it possesses. [Ref. J4: p. §]

Y

>
P

A.  EMPHASIS ON KNOWLEDGE-BASED EXPERT SYSTEMS
Knowledge-based expert systems can be considered the most popular tvpe of
A applied Artificial Intelligence (Al) systems. Why knowledge-based expert svstems? Al

research has been aimed primarily at creating a machine with the capabilitv to perform

Ml
oo
tatale

N preblem solving by attempting to duplicate the human thinking process. Less abstract
~ .
. arc knowledge-based expert systems, which focus on domain-specific knowledge used
| for solving narrowly defined probiems.
- I'redrick Haves-Roth, Donald A. Waterman, and Douglas B. Lenat contend that:
< Machines that luck knowledge seem doomed to perform intellectually trivial
tasks. Those that embody knowledge and apply it skillfully scem capable of
equaling or surpassing the best performance of human experts. Knowledge
. provides the power to do work; knowledge enginecring is the technologv that
- promises to make knowledge a valuable industrial commodity. [Ref. S: p. 3]
M Knowledge engincering can be defined as the technology of building expert
) svstems.  Knowledge engineers develop expert svstems by performing activities of
B problem assessment, knowledge acquisition, and representing the acquired knowledge
e .
. as rules in the svstem.
]
“d
kv
o
o
- 23
)
L
Al

SoaS LT




i o

P A « a2 s K]

PP A B 3

el

s e A

PP NP

There are several reasons for emphasis on knowledge-based svsteras in
compariscn with cognitive reasoning methods, or even conventional programs. First,
many of the difficult and interesting problems cannot be reduced to an adaprable
algorithm.  Conventional programs process data by means of complex algorithms
which vield specific quantifvable results. They are written in code oniv programmniers
understand.  Knowledge-based svstems must be user friendlv by their very nature.
Highly interactive, thev require user-supplied answers to questions generated bv the
program in order to function. Knowledge-based svstems allow the user to hait the
processing at any time and ask why a particular line of questicning is being pursued or
how a particular conclusion was reached.

Second, human experts have had a good track record at problem-solving in their
fields because they are knowledgeable. [f a computer can be programmed to have this
knowledge it follows that it too can have good problem-solving performance.

Third, knowledge engineers and experts maintain knowledge-based svstems, while
programmers maintain conventional programs. The action of a knowledge-based
svstem is to reason through a problem, not merely execute a mathematical model.
Consequently, the skills of experts in the given field are required in order to transfer
their abilities to the computer and keep those abilities current.

Fourth, the knewledge base is readable, and can be modified easily. The experts’
xnowledge can be represented by sets of "i{-then” rules written in plain English.

Barr and Feigenbaum suggest that in order for expert systems to be useful and
perform at 4 significant level of expertise thev must include:

o [‘acts about the domain.

¢ Hard and fast rules or procedures.

s  Problem situations and what might be good things to do when vou are in them
vheuristies).

® (iobal strategies (methods of approaching any problem within the overall
domain).

e Dilferential diagnoses (methods of breaking specific large problems into smaler
ones to solve.

¢ Possible theories about the domain itself thow and why the domain is the wav it
is,. [Ref o p. §1]

Aircraft troubleshooting readily fits into the context of a knowledge-based expert
svstem.  Tault diagnosis involves inferring possible causes from a list of observable

conditions and potential flaws in <vstem components, following an “if-then” format. In
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the H-46 troubleshooting tables, the observable conditions are the resuits ol the
S
‘s wolation procedures listed for each svmptom (see Figure 2.2). Fach o these
n‘ R PR ~ . , ,
observables” infers a possible problem cause. Given the advantages of inowledye-
hused svstems (compared to conventional programuming), Barr and Feigenbaum's must-
banve atems, plus the Tifsthen” structure of troubleshooring, o diagnostce svsiem fits
perlectivonte the lrinework of a knowledge-based expert systen,
B. DESCRIPTION OF M.1.
Seoonding to Joserh S0 Ywvorsky, the MU expert system <sheil operates as
MOD s w sephieiaated xnowledge engineering tool to aid c*'c‘op** ent of
v iodre-taeed enpert svteins that are diagnostic prescription oriented. [ Itos
S contaanng wp o to 2500 rules and facts [Refl Tipo 1100 Tasic
CoelTions contan o200 rul‘x} It 1s designed to seck a goal defined by the
NooZnooaer oo present uosingle sajuton or multiple powt ¢ solutiens 1o u
vt Mol eccept | \h\()\\\ QS AN ANSWEr, @NsWer Juestions avsul is
ceasornny duriie o conswiration, and will caleulate  certainty lactors lor
ClLeewsonss iU Gas o sophisticated user mterface with windowing capetiaties
viodho Loaser mendiv, and eases the Jdevelopment of a svaemn M
seawres an iBM PO NTLD AT, or compatible microcomputer, using PC DOS 2.0
poater et e ounnnum RAM of S12K bvtes and two disk drives. [Refl Nopo 247
CADS woes deveioped uang a oseries of microcomputers (IBM PC, IBM AT,
CONMPAOZENTTH 2350 wirh uard disk droives and monochrome and coior mzmitors.
Sobowsheanor sersiens of MU were implemented in PROLOG, MUt version 20
Gl er o arren o othe O progrimming language, which is transparent to the user.
. Pios o rae MU e ey of aecessing database and caleulating programs using €
" Lvtge tanlty P capahility was not nvestigated anothis researdh. ML oan
- cocess ctner ML prowranss The knowledee base program code written by thic
" - Jeveleper can e rrerared on v standard word processor such as Wordstar, and ivain
thoterm o taoss anns otethien rules simiar to wntten rnglish,
{. Inference Engine
Pacis are ropresented ay attrihute-value pairs called expressions that describe
the arnimibutes and relationships of objears. The rules represent appheation et "hose
crecis ineerten sitcauons, Facts oand rules characterize formal and heunstic
hoow cdee. Thoe YL ntference engne is deseribed by Yavorsky as foliows:
L4
. o
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The inference engine will seck values for expressions by methodically considering
previously stored conclusions (cached values), relevant knowledge base entries,
and information supplied by the uscr. Previously stored conclusions can be those
facts that never change that are resident in the program, or values that have been
determined previously during the run of the program. These conclusions are
stored in what is known as the cache. Relevant knowledge base entries are the
rules and processes in the program which will determine through inferencing, the
values for the expression. [f values have not been determined by either the
scarch through the cache, or by inferencing, then M.l asks the user

What is the value of: Expression?

The reference manual for M.1 gives a succinct example of the order in which a
value is sought for an expression [Ref. 7: pp. 4-2 - 4-3]:

As an example, consider the simplest possible knowledge base, consisting of a
singie knowledge base entry:

goal = advice
When vou begin a consultation using this knowledge base, the following events
take place:

1. The inference engine identifies the goal expression of the consultation and
begins to seek a value for advice.

2. M.1 checks to see if advice is an arithmetic expression for which it can simply
compute the value. It is not.
3. M.l searches the cache for a prior conclusion for advice. As no such

conclusion vet exists, the search is unsuccessful.

4. M.1 searches through the knowledge base for an entry that can help
conclude a value for advice. \o such entry cxists, so again the search fails.

n

M.l asks a question:

What is the value of: advice?
to wkich you may respond:

> > sell < Enter >

6. The svstem has found a value for its goal expression. M.l displays the
conclusion, along with its justification, and returns vou to the top-levcl
interpreter.

advice = sell (100%)
because you said so

M.1>

The method M.1 uses to seek values for expressions via knowledge base cntries is
called backward chaining. [Ref 8: pp. 24 - 20]
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Backward chaining is a control strategy that starts with a goal or an expected

conclusion and works backwards, looking for evidence (other goals or expressions) that

support or contradict the expectation. Backward chaining is shown in Figure 3.1.

If A and B Then C

If D Then A If G and H Then B

/

If E Then A If J Then G

/

If F Then E If K Then H

Figure 3.1 Backward Chaining.

The M.1 reference manual gives a good example of its use of backward

chaining:

. consider the following simple knowledge base:

kb-1: goal = best-color.
kb-2: if main-component = fish

then best-color = white.
Kb-3: if day-of-week = friday

then main-component = fish.
kb-4: question(day-of-week) =

‘What is the day of the week?’.
kb-5: if best-color = white

then wine = chablis.

When a consultation is run with this knowledge base, the following takes place:
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M.1 begins secking the goal expression, best-color. After first checking the
cache, the inference engine trics to find a knowledge base entry that might
conclude a value for best-color.

2. Finding kb-2, the inference engine then tests the premise of that rule by
trving to {ind a value for main-component.

PE R AAEAr A

3. After checking the cache and finding no conclusion mentioning main-
component, thc inference enginc locates kb-3 and tries to use it. kb-3 causcs -
M.1 to scek day-of-week.

SELFES

4. The only knowledge base entry that can help find a value for day-of-week is
Kb-4, so vou are asked the question:

What is the day of the week?
> >

5. If you answer friday, M.l concludes that day-of-week is equal to friday, and
notes that fact in the cache.

6. This causes kb-3 to succeed, and M.l notes that main-component = fish in
the cache.

7. This causes kb-2 to succeed, and the inference engine notes that best-color =
white. Since this is the goa! of the consultation, M.l displays its conclusions
and returns you to the top-level interpreter:

best-color = white (100%)
because kb-2
M.1>

Had you answered anything other than friday, all the rules would have failed and -
M.1 would have indicated that it could not find a value for the goal expression:

best-color was sought, but
no value was concluded.

Note that M.l does not invoke kb-5 even though logically it could use kb-5 to
infer that wine = chablis after the last conclusion was noted. It does not do so
. because nothing caused it to seek the value of wine. M.l never invokes a rule
. unless its conclusion provides a value for the expression currently being sought.
An expression is never sought unless it is explicitly declared to be a goal {or
initial data) or unless it is sought as a result of backchaining from a goal
[Ref. 7: pp. 4-11 - 4-13]

M.1 also has a limited forward chaining capability. Forward chaining starts
with known or available information provided by the user, stored in the cache, or with
facts in the knowledge base. The goal or conclusions are based on pre-determined
rules and the available information. [Forward chaining is shown in Figure 3.2. This

control mechanism can also be uscd to scek expressions and conclusions that are in a
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Given A and B and C

Cycle 1
If A and B Then D If C Then E
Add D and E to Working Memory
If D and E Then F Cycle 2

Add F to Working Memory

Figure 3.2 Forward Chaining.

sequence-specific pattern. The M.l command whenfound or whencached forces the
inference process to search rules in a particular sequence. Used in the form '

whenfound(EXPRESSION = VALUE) = LIST
means that if the EXPRESSION has the specified VALUE, then the LIST, which can
be one or more other EXPRESSIONS, is true. For example, if the discrepancy on an
H-46 is “No.l Generator failed in flight”, this is an Alternating Current (AC) electrical
svstem problem. A control mechanism is needed to force M.l to exclusively search
rules that deal with the AC electrical svstem:

whenfound(major-system = electrical) =

[ electrical-sub-system, electrical-sys-symptom ].

M.1 will interrupt its backward-chaining process to scek values for the two
EXPRESSIONSs in the brackets. In the above example, the user would be prompted
for values of the two EXPRESSIONS

Which electrical sub-system is the problem located?

. AC system

W

. DC system
. APU system

(%)
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. The correct response being

X > > AC system < Enter >

therefore
electrical-sub-system = AC system.
:. The value for electrical-sys-symptom is found similarly. When it has found those valucs
‘N it resumes its backward-chaining search through rules with those specific values. .
~ - p

"N v .

- 2. Uncertainty

" There are cases when the troubleshooters are not absolutely certain that thev
) . . - . .
) have found the specific cause of a problem. Even having followed the proper
> diagnostic procedures, which led to one cause, there exists the uncertainty that there
iy may be another cause of the problem. M.l has the ability to represent and use
o uncertain knowledge. Yavorsky discusses M.1's handling of uncertainty as follows:
: Certainty factors indicate the degree to which a fact is believed as indicated by an
. integer between -100 and + 100, where:
Y

;. e -+ 100 represents complete certainty.

v, . .

‘s ¢ 20 represents a minimum threshold of belief.
- e O represents no evidence for or against. :
o . . . .

e Ncgative numbers represent belief that the fact is false.

P~

v e . 100 represents complete certainty that the fact is false. .
v

J . B .

z Within M.1 certainty factors less than 100 (the default value) may arise because:
X

) e the answer to a question is qualified by a certainty factor, or,

v e a factin the knowledge base has an attached certainty factor, or,

:\': ¢ the conciusion of a rule contains a certainty factor. [Refl 7: p. 4-16]

'._’ As evidence accumulates during a consultation, certainty factors must be

. combined to come up with a single level of confidence for the final conclusion.

i [n combining two positive certainty factors, the formula used is:

% CF-noted = CF1 + (CF2)% of (100 - CF1).

',;; An example is shown in Figure 3.3 [Ref. 7: p. 4-17]. Certainty Factor 1 (CF1) =
;- 30 and Certainty Factor 2 (CF2) = 30. So the Certainty of the conclusion (CF-

» noted) = 65 or:

N 65 = 50 + (.30) * (100 - 30). .
The combination of two pieces of negative evidence is the same as that for two

. pieces of positive evidence, with the exception that after the calculation, the

2 negative is taken of the result. The formula is thus:

]
L 30
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CF 50 CF 30
0 50 65 100
100

CF 30

kb-1: if main-component = meat
__then best-coior = red cf 50.
kb-2: if preferred-color = red
then best-color = red cf 30.
kb-3: main-component = meat.
kb-4: preferred-color = red.
kb-5: goal = best-color.

best-color = red cf 65
because kb-1 and kb-2.

Figure 3.3 Combining Two Positive Certainty Factors.

CF-noted

(| CF1| + | CF2 |% of (100 - | CF1 |))
= CF1 + CF2% of (100 + CF1).

For example, for a Certainty Factor | (CF1) = -50 and a Certainty Factor 2
(CF2) = -30 the Certainty Factor concluded (CF-noted) = -65.
-65 = -50 + (-30) * (100 + (-50))

To combine both positive and negative evidence, the two certainty factors are
added. then the result multiplied by a scaling factor of 100:(100 - A) where A is
the smailer of the absolute values of the two factors. The formula:

CF-noted = (CF1 + CF2) * 100/100 - A),
A = min(] CF1 |,] CF2)).
An example is shown in Figure 3.4 {Ref. 7: p. 4-19]. Certainty Factor 1 (CF1) =

-50 and Certainty Factor 2 (CF2) = 70. A = min(] -50|,] 70 |) = 50. So the
certainty of the conclusion (CF-noted) = 40 or:

40 = (-50 + 70) * (100/(100 - 50)). [Ref. 8: pp. 27 - 29]
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CF —50 CF 10

4 /
—100 —50 0 50 7 100 .
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0 100

kb-I: if main-component = fish
__then best-color = red <f -S0.
kb-2: if sauce = temato
then hest-color = red cf 70.
kbh-3: mzin-component fish.
kb-4: sauce = tomato.
kb-5: goal = best-color.

best-color = red c¢f 40
because kb-1 and kb-2.

Figure 3.4 Combining Positive and Negative Certainty Factors.

The Teknowledge Reference Manual provides a list of interesting
consequences, when using the above method for calculating the combination of
certainty factors:

¢ The final certainty factor is independent of the order in which evidence is found.

® As positive evidence accumulates, the resulting certainty [actor approaches, but
cannot pass. 100. Simularly, accumulating negative evidence can approach, but
not pass, -100.

*  Once the certainty of a conclusion reaches 100 or -100, it cannet be changed
again by additional incomung evidence.

¢  (Certainties below 100 cannot combine to produce [00. Certainties above -100
cannot combine to produce -100.

* 0 combined with any certaintv factor leaves the certainty factor unchanged.

¢ Equal positive and negative evidence will exactly cancel out (except ~ 100 and
-100, that cannot be changed once concluded). [Ref. 7: pp. 4-19 - 4-20]




This chapter gave Iecigenbaum’s definition of an expert svstem. [t also

provided a discussion of why knowledge-based svstems have become popular for
problem-soiving situations, the advantages of expert svstems over conventional
pregramnung, and why Jiugnostic svstems meet the criteria for use i a kncwledge-
rased svstem as defined by Barr and Feigenbaum. The remainder of the chapter was a
descripuion of the basic werkings of the Knowijedge engineering tool M.1, based on
Yoavorsky's discussions. This included the hardware and software requirements for
runming MUI, how the M.] inference engine works, and how M.1 handles uncertzinty.

Ihe next chapter will describe the strategy used to develop the prototvpe CADS

anowiedge-bused expert svstem using ML
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IV. CADS DEVELOPMENT STRATEGY

The strategv used to develop CADS was derived from a combination of three
methodologies for buiding expert svstems. Thev are Harmon and King [Ret 4: p.
1780 Haves-Roth, Waterman, and Lenat [Ref. 50 pp. 139 - 1601, and Teknowledge. Inc.
[Refl 9: pp. 11-1-11-4!. These methodoiogies can be summarized in the following six

srens:

1. Identify and define a problem or task. Test for expert system suitability.

to

Select a tool to build the expert svstem.

d

Acquire and analvze knowledge of the domain-specific area.

4. Censtruct several example cases that the expert svstem will solve.

n

Build a prototype.

>

Test, revise, and expand the prototyvpe.

A.  STEP 1: IDENTIFY AND DEFINE A TASK

The task of troubleshooting helicopter system problems was chosen for for this
study for several rcasons. The author’s experience as a helicopter squadron Post
Maintenance Functional Check Pilot has indicated that “good” troubleshooting skills
are particulariv difficult to obtain. These skills are difficult to obtain because of the
extensive training und experience required. The lack of comprehensive decumentation
of heiicopter problems and troubleshooting procedures intensifies this ditliculty.

Once wdenufied, the task arca was tested for expert svstem feasibility using the
criteria outlined by Haves-Roth, Waterman. and Lenat [Refl S:p. 160]0 and the

Teknowledge "M.1 Sample Knowledge Svstems” manual {Refl 9: pp. 115 - 118

1. The task arca should =, . focus on a narrow specialty that does not vrvone alor of

conunon sense knowledge  [Ref. 50 p. 160]0 Most of what 15 known about H-46
Jiagnostic procedures is formal xnowledge contamned in the nuuntenance
manuals. It is well defined, specific, and accepted by the experts. or these
reasons this task meets the demain-specific criteria, and does not require the
exclusive use of common sense knowledge for probiem-solving.

2. Good domains and rasks are knowledge-iniensive. Knowicdge-intensive tasks are
Jomain areas in which higher competence jevels are gained through
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increased knowledge of and experience in the task. Because of this relationship
octween  competence and  knowledge, knowledge-intensive tasks  are
characterized by considerable differences in peoples” performance ahility. The
knowiedge domain of troubleshooting helicopter problems fits this definition of
a knowledge-intensive task.

QI L o ik o oh g

3. Fuacts are accessible and generally understood by typical wusers. Facts and o
terminology about troubleshooting H-46 helicopters are fanuliar to maintenance By
peeple. Novice troubleshooters generallv know how to hook up and use N
equipment such as voltage meters to gather facts about a problem. The
dragnostic expert svstem could ask the troubleshooters for voltage meter test
results, which thev would understand.

4. Facts are stable for the duration of a consultation. Fuacts about a helicopter
problem generally remain true or false throughout a troubleshooting session.
For example, if a troubleshooter is using a voltage meter to gather information
about a failed generator, the voltage readings will remain the same during a
particular troubleshooting procedure. The problem does not change.

e Ry s et

-

-

5. Solwtions are enumberable. 1f ail possible solutions to a problem can be listed in
advance the solutions are enwnerable. The maintenance manuals’
troubleshooting tables list most of the possible causes for all svstem symptoms.
Those not covered in the tables can be acquired from the experts.

v v . u e =
v v .

6.  Entities in the domain ure discrete. Helicopter system problems can be readily
descrived as facts, values, and objects. [For example, the isolation procedures
for troubleshooting the symptom “No.l GEN FAIL light On” is to test for
generator terminal voltages, and cross-connect supervisory panels. checking if
the gererator comes on line. These conditions are discrete entities with specific -
vaiues. The values can be “true” or “false”, “ves” or "no”, or numecric. They are
not continuous or “fuzzy” like trving to describe the “attractiveness” of an
financial investment.
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The task pusses the “telephone rest”. The domain area of a troubleshooting
problem passes the telephone test as described in the Teknowledge "M.1 Sample
Knowledge Svstems” manual:

PEIRP

A competent performer could help the intended user of vour knowledge svstem y
over the phone. This means that a verbal dialog is sufficiently rich to capture
the important facets of the problem. If perception plays an important role in
problem solving, then the task will fail the telephone test. The knowledge of a
master mechanic who depends on the sounds and odors of the cngine will be
dilTicult to cupture, for example, unless the mechanic and end-user are able to
communicate about these cues unambiguously. [Ref. 9. p. 11-8]
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After identifying a problem and testing for expert system leasibility, the scope

and limitations of the knowledge base were defined. These are described in Chapter 1.
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B. STEP 2: SELECTING A TOOL

The Knowledge system development tool marketed bv Teknowledge, Inc.. known

as M.1, was selected for use on this project after consideration of the availehle tools.
The M.l tool has many advantages. First, M.l is designed to prototvpe
diagnosis prescription consultations [Refl 4: p. 179]. The problem ~elected for this
studv concerns such consultations.

Sccond, programmung with M1 is relatively casy to learn, and resuiting programs
are easy to use. [t 1s programmed using “if~then” rules written in near plain Englich.

Third, M.l has been applicd to automotive diagnostic svsiems. Dingnostic
processes are basicaliy similar, which makes M.l an exceilent tool for the problem
considered in this study.

Pourth, M.1 is available for educational purposes at the Naval Postgraduate
Schoo! by agreecment with Teknowledge. The documentation and teaching materials
that accompany the M. program diskettes are clear and easy to read.

Last, the knowledge base program can be written using any IBM PC compatible
word processor. Both SIDEKICK by Borland International, Inc., and WORDSTAR
bv MicroPro International Corp., which have sinular editing commands, were used.
SIDEKICK has the advantage of allowing the author to alternate rapidly between the

running program and the text editor to make changes to the knowledge base. This

facilitates debugging and adding rules. However, SIDEKICK has a limit of

approximately 1300 lines of text or program code per notepad file. When a knowledge

huse module exceeded this limit, WORDSTAR was utlized.

C. STEP 3: ACQUIRE AND ANALYZE KNOWLEDGE

Knowledge acquisition (KA) 1s probably the most difficult step in building expert
systems. [t involves “. . .the transier and transformation of problem-solving expertise
from some knowledge source to a program” [Refl. 5: p. 129]. Mark D. Grover describes
KA as a three phase process: domain definition, fundamental knowledge formulation,
and basal knowledge consolidation. The three phases are shown in Figure 4.1
[Ref. 10].

KA is pertinent throughout expert svstem development. Because of this
importance, Grover's KA cvele was integrated with the six steps of the CADS
development sirategy.  The relationship between the KA cvcle and the six development

steps 1s shown in Figure 4.2,
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o PROBLEM OESCRIPTICN

& REFERENCE 3IBLUOGRAPHY
DOMAIN ® GLOSSARY

DEFINITION ® (DENTIFICATICN OF EXPERTS

® PEAFQRMANCE CRITERIA

® SAMPLE S5CENARIOS

PROBLEM
DEFINITION

FUNDAMENTAL
KNOWLEDGE
FQRMULATION

INTIAL FUNDAMENTAL SYNTAX AND FCRCED
SCENARIOS KNOWLEDGE BEHAVIQR CHECK
- CORPUS
) EXPERT REVIEW
.
N 34asAL
KNOWLEDGE
CONSQLDATION
| BasaL S
KNOWLEDGE CHECK
.
- !
3ASAL
. ACTIVITY
' (CCRE xBS)
2 Figure 4.1 Knowledge Acquisition Cycle.
"
s The first phase of the KA cycle is described by Grover as:
‘. .. . the careful understanding and recording of the domain. The goal is the
- production of a Domain Definition Handbook containing:
d e General probiem description,
_ ¢ Bibliography of reference documents,
¢  Glossary of terms, acronyms, and svmbols,
' e ldentficauor of authoritative “experts,”
X e Dctinition ot appropriate and reaiistic performance metrics, and
¢ Description of example reasoning scenarios. [Ref. 10]
. This research documentation is considered the Domain Definition Handbook for
. this project. The general problem description and the identification of reference

documentation were accomplished in step one of the development process. The !
knowledge engineer then must become familiar with the knowledge domain. This is

done by acquiring knowledge from books, manuals, technical publications, and
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KNOWLEDGE
ACQUISTIONCYCLE SIXSTEPS OF THE CADSDEVELOPMENT
PHASES STRATECY

1. IDENTIFY AND DEFINE A TASK.
TESTFOR EXPERTSYSTEM
SUITABILITY

2. SELECT ATOOL

DOMAIN DEFINITION

3. ACQUIRE AND ANALYZE

KNOWLEDGE OF THE
DOMAIN -SPECIFIC AREA
FUNDAMENTAL KNOWLEDGE
FORMULATION 4. CONSTRUCTSEVERAL EXAMPLE

CASES

. A TYPE
BASAL KNOWLEDGE 5. BUILD A PROTO

CONSOLIDATION 6. TEST, REVISE, AND EXPAND THE

PROTOTYPE/SYSTEM

Figure 4.2 KA Cycle and CADS Development Relationship.

pamphlets. The objective is to investigate and become familiar with any structured
problem-solving methodology that the domain utilizes. The author as the knowledge
engineer famuliarized himself with the H-46 diagnostic process. The knowledge and -
process were analyzed to prepare for the construction of sample cases, which are
discussed in step four. The bibliography of reference documents for CADS consists of
the H-46 maintenance manuals.

A glessary was initiated (contained in Appendix A) to include acronyms and )

expressions which are characteristic of Naval aviation maintenance.

ldentfication of experts in the domain was accomplished by asking the Navai Air :
Svstems Command H-46 Program Manager (NAVAIRSYSCOM PMA-261) to identifv
technical representatives who are knowledgeable about the recentlv modified H-do. |
Five Naval Aeronautical Engineering Service Unit (NAESU) technical representatives

were identified. They are located at Marine Corps Air Station Tusun, California, and T

Naval Air Station North Island, California.
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A discussien of the performance metrics and formulation of sampie cases v i ox
next section.

D. STEP 4: CONSTRUCT SEVERAL SAMPLE CASES

includes steps three, four, and five of the CADS deselopment process. In thic prise
mitiai cases are sclected and formuluted tor solution by the expert svaienn
Fundamental knowledge <hould represent situations that are tvpical, well understycd

L.,

and have expected cenclusions. When the initial cases have been formulated, e

wentified domain expert reviews the cases for correctness.  “This review orms o

baseline for minimum performance, predictable testing and correction. and carciil
delineation of capabiiities which can be expanded and subjected to experimieniation

[Ref. 10}, This core of reviewed initial cases becomes what Grover calis the

Ll

Pundamental Knowledge Corpus.

Constructing the inital sample cases can be considered the first step towurd
designing the svstem and identifving the performance criteria. The perfermance metrics
of the svarem were defined as foilows:

[. The goal of the initial cuses, and ultimately the entire svstem, should be
identiiied. What is the svstem supposed to solve?

tJ

The 1solation procedures should be displaved to the user.
I pla)

3. The system should ask the user questions about the outcomes of tae performed
isolation procedures.

<. Tle user should be given a list of possible answers to the guestions that the
svatem asks.

‘o

Based on the user’s responses the systemi should displav the correct conclusion
about the helicopter problem (goal).

What is the troubleshooter’s goal? The goal is 1o [ind the cause of a heiicopter

svstem proiden. In terms of ML
goal = problem-cause.

[inding the actual cause of a helicopter problem is paramount. Once the actual catse
is known then the correct appropriate action can be taken, instead of merely changing
components, without reullv identifving whether the component centains the fault.

Afier the goal of the svstem's knowledge base wus identified, the initial scenarios
were constructed from the symptoms and isolation procedures of the maintenan.e

manuals” troubleshooting tables. The problem causes listed in the troubleshocting

tables were examined. then the isowstion procedures were analvsed te identiv 1}
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conditions that would lead a troubleshooter to those causes (goal). The outcomes and

£ r LK & o8 £ <

conditions of the isolation procedures became the antecedents of rules for which the
problem-cause was the conclusion. Several rules were then drafted on paper, writien in
pscudo-Engiish. i.e., the “if-then” format acceptable to M.1.

Relfering to the example discrepancy discussed in Chapter 11, the No.l clectrical

generator malfunctions on the helicopter. One of the symptoms of this problem is that

the No.l generator fatlure light has illuminated on the cockpit caution light panel.

This symptom is listed in the troubleshooting tables as "GEN FAIL light On”. See

'.',‘vv‘

Figure 2.2, According to the troubleshooting tables, there are two outcomes of the
isolation procedure (cross-connecting the supervisory panels): 1) the generator comes A
on line and the No.1 GEN FAIL light extinguishes, or 2) the generator does not come
on linc and the light remains illuminated. If the generator comes on line then the <
supervisory panel should be replaced, implying that the cause is a faulty supervisory g
panel. The symptom and each of these outcomes are conditions which would lead a y
troubleshooter to this problem-cause. The rule can be written thus:

if symptom = ‘GEN FAIL light On’ ;_

and ‘generator comes on line’

then problem-cause = ’Faulty Supervisory Panel’. :

The CADS program prompts the user for the symptom and possible values for ¢

the conditions. In M.1 each of these conditions is recognized as an expression. M.l -
then uses meta-facts to determine the values of the expressions. Meta-facts are ;
knowledge base entries that provide information or directions about how to determine s
a value. .. {Ref. 9: p. 4-0]. The most common meta-fact used is a question: 3
guestion(’generator comes on line’) = .'

['Having performed the isolation procedure, )

does the generator come on line?’}. .

The answers to this question are displaved using the M.1 meta-fact legalvals, which list 3
the legal values of the expression 'generator comes on line’. The possible responses to .
this question are written in the meta-fact: \
legalvals(’generator comes on line’) = ['ves’.no’].

Fad the user answered 'ves', the expression 'generator comes on line’ would be true,

and the problem-cause displaved, ending the consultation. \
Rules and meta-facts were written on paper following this logic for several N
problem-ciuses. A set of meta-facts and rules leading to a conclusion (goal) are -)

<0
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{..‘_.: considered a case or scenario. These meta-fucts and rules were then coded into the
'-.;'.f program or an initial pretotype, which is discussed next.
E. STEP S: BUILDING A PROTOTYPE

::' ) The strategy for building the initiul CADS prototype was to use the adaptive
-: de<ign method, better known as prototvping. Using the prototvping method, a
:‘; xnowledwe engincer can 1y build a working svstem quickly, 23 evaiuate the
. appropriatencss of the initial design Guickly without investing large amounts of time
?- md energy into an unworkable design, and 3) make adaptions to the design. user
v mterfaces, and outputs. Once an initial working prototype is developed, the knowiedge
’. cngineer can modify and refine the program as necessary.
- The ability to muke changes and adaptions to the CADS knowledge base svstem
s design is impertant. When the ininal CADS prototvpe was completed, interviews with
_j the H-46 maintenance experts were conducted to acquire their knowledge of
:: troubleshooting techniques and procecures. They reviewed the MIMs troubleshooting

.

) tables for correctness and added new information. The prototyvpe CADS knowledge
A base was modified accordingly, to include this expert knowiedge.
‘_:: Using the protowvping approach, the first <et of ruies, questions, and meta-facts
'_':: were written, entered into M.I, and run. Logic flow and solutions to hclicopter
discrepancies were compared with those given in the maintenance manuals. As CADS
: vielded the correct problem-cause, more rules and knowledge base entries were written.
}. The knowledge bases for cach sub-svetem of the electrical and hydraulic svstems were
‘; compicted in this iterative manner.

The logical and physical structures of the CADS knowledge base are similar
::: The knowledge base is divided into modules. Each moduie represents a subsyvstem
::: Knowiedpe base. The eclectrical svstem is divided into three subsyvstems: AC svstem,
DC svstem, and APU svstem. The hvdraulic subsystems are the flight control svstem.

flight control pressure indicating svstem, utility power svstem. and the utiity pressure

7y

v,

mdicanng system.  This structure 1s shown in Figure 4.2,

(o

Y Using this “divide and conquer approach, cach knowledge base module was
v writien independently.  This structure was chosen over the option of having one.
T mmnense knowledge base.  Modularizing the CADS knowledge base aliowed the
knowledge engineer to concentrate on a specific subsystem, enhancing the ability to
8 debug and revise.

.:'
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CADS PROGRAM

INITIALIZATION
MODULE
ELECIRICAL HYDRAULIC
SYSTEM SYSTEM
MODULE MODULE
Y
ACSYSTEM DC SYSTEM APUSYSTEM FLIGH T CONTROL. UTILTIY POWER
SYSTEM SYSTEM
KNOWIEDGE KNOWLEDGE KNOWLEDGE & &
BASE ULEL) BASE FLIGHT CONTROL UTILITY PRESSURE
PRESSURE INDICATING SYSTEM
INDICATING
SYSTEM KNOWLEDGE BASE
KNOWLEDGE BASE

Figure 4.3 CADS Knowledge Base Structure Chart.

Modularizing requires that there be a top-level control module to initialize the
CADS program, and to load the appropriate knowledge base file. The top-level
module begins the CADS consultation by offering the user directions and asking in
which major system and subsystem the aircraft problem is located. The appropriate
knowledge base is then loaded.

F. STEP 6: TEST, REVISE, AND EXPAND THE PROTOTYPE

Grover's third phase of the KA cvcle is basal knowledge consolidation, which
relates to steps three, five, and six of the CADS development strategy. This phase 1s
an iterative process with the objective of testing, improving, and expanding what
Grover calls the Fundamental Knowledge Corpus. Basal knowledge can be considered

a core knowledge base system that meets the minimum performance metrics listed in

step four of the system-building process.




1. Testing and Verification

Testing the CADS prototype involved evaluating the advice that was displaved
(1solation procedures), the data acquisition process (questioning). and the conclusions
reached.

In defining the test criteria the following questions were considered:

¢ Does the top level module initialize the CADS program properly?
e [s the correct knowledge base loaded?
® Are the correct isolation procedures provided in the correct sequence?

e Are the right questions being asked in the correct sequence. and f{or the right
reasons’?

* Are the conclusions correct? Given the responses to the questions, i1s CADS
finding and displaving the correct problem-cause for that combination of
conditions?

e Arc the isolation procedures, conditions, and conclusions consistent with the
experts?

To answer these questions, testing was performed in two phases. The first
phase of testing involved evaluating the system for consistency with the maintenance
manuals’ troubleshooting tables. Because of the known inadequacies of the
maintenance manuals (out of date, inaccurate, lack of information), a second phase of
testing and verification was necessary. This second phase was to check the prototvpe
knowiedge base for consistency with the experts: the five NAESU technical
representatives.

The first phasc of testing was conducted throughout prototvpe development.
As the rules were written, each conclusion was manuallv checked to determine that the
antecedents (conditions) leading to it were correct. Each antecedent must have a value
either solved for by the svstem, provided by the user, or stored in the cache, for the
correct conclusion to be reached. This ensures that questions prompting the user for
values are asked at the right time and under the right conditions. CADS has been
tested and works according to the information contained in the troubleshooting tables.

As mentioned above in step four, problem causes listed in the troubleshooting
tables were examined, and the isolation procedures were analvzed to identifv the set of
conditions that would lead to those causes. Many inconsistencies were noted in the
troubleshooting tables. The sequence of isolation procedures was sometimes vague.
Outcomes to procedures were missing or suspect. A copy of the electrical and
hvdraulic systems troubleshooting tables, with these notations, was sent to the experts

tor clarification, initiating phase two testing.
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The objectives of phase two testing were a review of the CADS knowledge
base by the experts, and acquisition of the heuristics of the experts. The experts had
approximately three weeks to review and comment on the noted discrepancies of the
MIMs tables. Then face-to-face interviews with the experts were conducted.

During the interviews, the experts and knowledge engineer reviewed the

discrepancies noted in the troubleshooting tables. The experts provided up-to-date, )
correct information of the electrical and hyvdraulic svstems troubleshooting procedures.
They also had the opportunity to run and cvaluate the CADS prototype.

2. Revision

Based on the experts’ review of the CADS prototvpe and the troubleshooting
tables, revision of the knowledge base took place. Rules, display of isolation
procedurcs, and questions were rewritten as necessary. After this revision, CADS was
considered a completed prototyvpe for the purposes of this project. Its knowledge base
contains both formal and heuristic knowledge of the experts.

As discussed above, basal knowledge consolidation is an iterative process. An
expert syvstem’s knowledge base is continually reviewed, up-dated, and improved by the
knowledge engineer in collaboration with the experts. However, further iterations of
CADS are bevond the scope of this project.

3. Expansion

The rules and meta-facts were revised after the experts’ review. There are no

pians to expand the CADS knowledge base further at this time.
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V. RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

A.  RESULTS

Limproper troubleshooting techniques result in lost time, unnecessary removal of
svstem components, and in wasted resources. These problems are not exclusive to the
Navy's H-d6 helicopter community, but are common throughout the militarv. A
possibie solution to these problems is the application of expert svstems technology --
not oniy to the Navy’s H-46 helicopter community, but to otiier military maintenance
processes.

This study was undertaken to demonstrate the feasibility of applying expert
svstem technology to the Navy's H-46 helicopter maintenance process. A
microcomputer-based prototvpe diagnostic svstem known as CADS was developed for
tais purpose. The prototype CADS does what it was designed to do: aid H-46
squadron maintenance personnel find the cause of helicopter electrical and hvdraulic
svstems problems. Therefore, the answer to the main question addressed in this study
is “yes”, a computer-aided diagnostic system is feasible and and applicable to the
Navy's H-46 helicopter maintenance process. The success of CADS suggests that
expert system technology mav be appropriate for general application to nulitary

maintenance systemes.

B. CONCLUSIONS ABOUT M.1 AND CADS
I. Application of M.1 to structured selection problem-solving
The M.1 knowledge system development tool is particularly suitable for

building knowledge bases that use a structured sclection approach to problem-solving.

Structured selection is u problem-solving methodology by which the preblem-solver
svstematically progresses through a richly structured scarch space of enumerated
problems. These enumerated problems have been seen and solved before. The ta<k is to
seiect and refine a solution for a particular case rather than create it anew.

It has been shown in this rescarch that diagnosing helicopter problems uses
such a structured selection approach to problem-solving. Svmptoms and causes of
helicopter problemis are cnumerated and contained in the maintenance manuals
troubleshooting tables. Most or all of the problems have been solved throughout the

history of the I{-46 helicopter. Troubleshooting of these problems, plus anv new ones
} P g p )
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that arise, is concucted daily. As a result, diagnosing helicoprer problems provides i
good cxample of an M.l problem-solving application.
2. Memory requirements for CADS
The prototype CADS developed for this research is contained on two
5.25-inch. 360K byte tloppy disketies. One diskette contuins the CADS imtizlization

moeuaule and the CADS executable fle, using 246K bvtes of disk space. The secund

diskette contains the modulanzed subsvsiem kncwledge bases, which ase 139K bvies of

disk «pace. These knowledge base files can be culled by the imtianization module
whether they remain on the diskette or have been copied to a hard disk drive.

The CADS exccutable file can be contigured tor use on two Loppy disk drives
or on a hard disk drive. Use of floppy diskettes in the two drive conltiguration ensures
portabilitv of the program. However, the recommended configuration 1s {or use on a
hard disk drive, for several reasons. birst, a CADS knowledge base 1s loaded much
faster, and the inference process executes much faster on a hard disk drive: knowledge
base files can be called and loaded within 30 secor.ds by the nitialization module. This
operation can tuke over f{ive minutes in the two drive configuration, depending on the
knowledge base size (number of rules and meta-facts).

Second, the hard drive configuration is recommended in view of the recent
contract for Navy-wide implementation of Zenith 248 microcomputers. Currently,
each squadron has one such microcomputer. [t is anticipated that more will be
instalied 1n the future.

3. Modularizing the CADS knowledge base

M ndularizing the CADS knowledge bases has several advantages. First, a
more cfficient use of memory space is realized by having onlyv the initialization module
and the exccutable file (both on CADS diskette #1) remain resident in RAM. \uch
less microcomputer memory space 1s required with this configuration. The knowledge
base files remain on CADS diskette = 2, and arc accessed as necessary,

Sccond. the inference process is niore efficient. Since only one kncwledge base
module 1s ioaded at a time, the inferencing process searches for values and rules
pertinent to that particular helicopter svstem. Computer processing time and memory
1s not wasted in searches down branchec of irrelevant svstems.

Third, mocularity allows for expansion of the svstem, without having to
tncrease the requirement for the microcomputer’'s RAM  space. Because information

about the nchicopter svstems is divided into «eparate knowledge base files, additional
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modular knowledge bases could be developed and written, independent of the original

prototyvpe. These additional knowledge bases could be integrated into the svstem. with
litde modtification reguired of the initialization module. The modification hasically
requires the additien of valid answers to existing questions, and the addition of « rule
to ioud each new knowledge base.

4. Using the trace function to demonstrate reasoning

CADS provides an excellent training tool fer inexperienced trouhleshooters.
However, the original proposal for using the trace function to show the rcasoning
precess has not been satisfuctory in this M.l implementation.

{.I's inference tracer displays information describing the inference process.
Also displaved are questicns, menus, prompts, expressions being sought, which rules
have succeeded cor failed. and which knowledge basc entries are being f(ired. The trace
funcuon ;s antended {or use by the knowledge engineer in the development stage, for
finding subtle fauits in the knowledge base. As a result, M.1's trace funciion traces
through the Knowledge base secking vaiues of rules which are not relevant to finding
the cause of the problem. This reasoning is not necessarily similar to an expert’s
reascning method.

Another disadvantage of the trace function is that rules and expressions are
displaved exactly as they are written in the knowledge base. Readability of the rules
and expressions displaved becomes a function of the programmer's writing stvle.
Although the rules are written in “if-then” format using near plain English, thev mayv
seera crvplic to a user unfamuliar with the language of expert systems and M. 1.

5. Training knowledge engineers for the Navy

The possibility extsts for new svstem discrepancies to appear throughout the
H-46 flect. If CADS were implemented, there would be a need for people within the
helicopter squadrons who are able to document and program this new information into
existing CADS knowledge bases. These people must be familiar with the language of
expert svstems, and in particular with the use of the M. 1 knowledge development tool.

Because of the case of developing expert svstems utilizing this tool, people
with little or no programming experience could be trained for this purpose. [he U.S.
Army Signal School at Ft. Gordon, Georgia, has such a training program. Army
personnel with cxpertise in particular technical areas, but with no programiming
experience, attend a two-week training course.  Thev learn hew to use M.1, and

develop small uscable systems within that time. The Navv could set up a <umilar
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school for this purpose. People with this valuable training could return o their
commands where thev could maintain existing CADS software, plus applv this
tecnnology to other problem-solving areas, developing new and useful svstems.
Knowledge gained from this type of training would be particularlv important
for imnroving and expanding the “corporate knowiedge” of troubleshooting expertise.
As new problems erise and are diagnosed. and as existing procedures are improved and
updated, this new knowledge can be programmed :nd put to immediate use. This
could prove 1o be an advantage over printing changes on paper, for incorporation into

updated printed manuals.

C. SUGGESTIONS FOR FURTHER STUDY
. Knowledge base expansion

The next step after prototype development is to expand the prototype CADS
into a fullv developed expert svstem containing all the diagnostic information of all the
helicopter svstems. A fullv developed CADS could also contain the corrective action
procedures for each helicopter system discrepancy, and other ampli{ving maintenance
information. Such a long term project might involve a more structured analvsis and
design of diagnostic information about the entire helicopter. However, the prototyping
Jevelopment approach could be integrated with the information structuring.

Additional knowledge acquisiion would also be required to extract all
pertinent knowledge from the maintenance manuals and the experts. This would
mmvolve more interviewing and survey hours than that required f{or the development of
the CADS prototyvpe.

[ CADS were expanded to include other helicopter svstems, more secondary
memory would be required for the program. Including all helicopter subsvstems as
additional Knowledge bases would increase the requirement tor floppy diskettes
cgnificantly. If the user has a microcomputer with only two floppy disk drives, it will
be necessary to load and unload the diskettes, whenever troubleshcoting different
helicopter svstems 1s required. Also, loading and inferencing times will be sigmficantly
slower. Although the expanded CADS would be portable, it is recommended that an
cxpanded svstem be used on a computer with a hard disk drive.

2. Enhanced use of M.1 explanation facility
the prototype CADS could be improved by providing more specific

explanations to users, enhancing readabilitv and making the svstem more expert. This

could be accomplished by utilizing the M.! explanation faclitv.  Customized

.
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explanations, amplifving information about a path of reasoning, or elaborition of
J heuristic knowledge would be Jdisplaved when users enter why in response to a
question. Ordinally, if" a user entered why, M.1 would only display the knowlecge base
entry under consideration.
3. Enhanced use of the “unknown” response
The term unknown is alwavs an acceptable answer to questions poseu in M. L.
This gives the M.l (and CADS) inference process the advaniage of continuing to
scarch for values even thcugh a value has not been conciuded. [t causes the
inferencing process to change its scarch o other branches of the knowledge buse,
allowing for the solution of other values, to seek a conclusion. The prototyvpe (CADS
knowledge base could be expanded to provide additional information should the user
select unknown as an answer. This is accomplished utilizing the M.1 control command
whenfound to display a text string of additional information.
4. Integration with graphics
Ultimately, a fuliv deveioped CADS could integrate all diagnostic information,
figures, diagrams, and maintenance procedures. Through the use of “pull down”
windows, all information would be available on the computer for the maintenunce
person. This couid elimunate the need for printed manuals.

[ntegration with graphics software could be an initial step toward such a tully
developed svstem. M.I has the ability to access graphics programs through C language
patches. The use of graphics to describe system components would greatly enhance
the ability of maintenance personnel to troubleshoot probiems. With graphics,
component location and troubleshooting procedures could guide personnel through
maintenance procedures. This could be extremely useful if the maintenance personnel
are unfamiliar with maintenance procedures.

Graephics enhancements such as color, rotating three-dimensional vicws of
components, and rotating transparent views of the helicopter are also possibilities tor
future study. The use of these graphics techniques would facilitate troubleshooting.
Used in a training environment, such graphics techniques could make learning
helicopter troubleshooting an  exciting, motivating experience. especially  for a
generation of young mechanics raised with video games.

3. Integration with CD-ROM technology

Other fururistic possibilities exist for a CADS integration with Compact Disc

Read Ornly Memory (CD-ROM) technology. This not only would provide un
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., extremely portable medium, but would significantly reduce or even eliminate literally
I‘. . . . . . . . . .
tons of printed paper. This consideration is of particular importance in relation to
helicopters deplcved aboard ship. Eliminating the need for shipboard office space
N containing tons of technical manuals is critical.
N 6. Studyv of CADS implementation in the squadrons
] . - N .
- Implementation of CADS in the squadrons and in deployed units offers many .
interesting possibilities for further study. This research could be conducted using the
i prototvpe or a fullv devecloped svstem. However, a study using a fully developed
i
" svstem would be more desirable, to evaluate the success of implementation. Prior to
W intiation of any studies, an implementation plan should be developed. Studies could
inciude the amount of training required to familiarize maintenance personnel in the use
] of microcomputers and CADS. Comparisons could be made of the learning curves for
- computer literate and illiterate users.
N
> D. RECOMMENDATIONS
: The following 1s a list of recommendations concerning the use of CADS and M.1
b in general:
~ 1. Use the M.l knowledge-based system development tool for building knowledge
; bascs that use a structured selection approach to problem-solving.
o) . . -
2. Implement CADS on a hard disk drive system for eflicient use of memory.
-~ 3. Keep the knowledge bases modular in large system applications for efficient use
- of miemory space, eflicient inference processing, and ease of system expansion.
o 4. Train Navy personnel to use M.1 to develop immediate and useful systerns, and
rr to maintain implemented systems.
5. Lxpand the CADS knowledge base to include the rest of the helicopter’s
systems.
0. Improve the M.1 explanation facility, and the “unknown” response to provide
) more specific information to users. enhance readability of the svstem, and make
1 the system more expert.
. 7. Add graphics capabilities as a first step toward a fully developed svstem.
. Helicopter component descriptions utilizing  graphics  would  enhance
. troubleshooting.
. S.  Investigate the possibilities of integration with CD-ROM technology.
9.  Develop a plan for implementation of the system in the helicopter squadrons.
-
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VI. SUMDMIARY

A microcomputer-based prototvpe diagnostic svstem, known as CADS, has been
developed to demenstrate the feasibility ¢f applving expert svstem technologyv to
helicopter maintenance.  This svstem diagnoses electrical and hvdraulic svstem
problems in the Navy's CH-«6D S.R.&M helicopter.

As an interactive program, CADS prompts the user for information with a
sequence of questions, and provides valid answers. The sequence of questions depends
upon the answers that the user selects. As the questions become more specific, the
program scarches the knowledge base for valid causes of the helicopter svstem
problem. Secarching 1s accomplished utilizing a backward chaining, decision tree
technique to find solutions.

Chapter Il discusses the Naval awviation maintenance process, current
troubleshooting  procedures, and how CADS could be integrated into the
troubleshooting process. The written references tor the CADS knowledge domain are
two volumes of 15 maintenance information manuals. These two volumes contain the
electrical and hvdraulic systems. The prototype CADS solves over 29 specific
symptoms referred to in over 28 pages of troubleshooting tables. Although this
represents onlv a small portion of the entire published helicopter diagnostic
information, it provides enough data for a realistic assessment of CADS. The
secondary research questions listed in Chapter I. pertaining to squadron applications,
are also discussed.

Chapter I contains a description of knowledge-based expert systems, and the
M.l knowledge-based system developmient tool. A comparison of knowledge-based
svstems and conventional programs is made. The criteria necessary for expert svstems
to be useful and to perform at a significant level of expertise (as suggested by Barr and
Feigenbaum) is provided. The description of M.l includes its capacity of rules and
facts, how the inferencing process works, and how M.1 handles uncertainty.

Chapter IV discusses in detail the development of the prototype CADS, and how
it works. The strategyv used to develop CADS is a combination of three methodologies,
resulting in six devclopment steps. Because of the important role that knowledge
acgeisition has throughout expert svetems development, the knowledge acquisition

¢rede was integrated with the six steps. This refationship is discussed in detail.
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Logically., the CADS knowledge hase is divided mto modules. Fach module
consists of the knowledge base for a helicopter subsvstem, such as the AC electrical
subsvstem. The advantages of modularizing the knowledge base are discussed. Criteria
for a two phase test plan were developed. Alter testing the prototype CADS, revision
o! the knowledge base modules was accompiished.

A glossary of acronyms used throughout this research is contained in Appendix
A, Appendix B contains a sample CADS consultation using an example electrical
svstem problem. The CADS knowledge base (source code) is in Appendix C.

Based on this discussion, 1t has been shown that expert svstems are well suited
for diagnostic applications. The technology, hardware and software exist and are

availabie for use in such an expert svstem.
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APU
CADS
CD-ROM
CF

CH-46D
CNO

DC

FY

GEN FAIL

MAF

MDR
MDS
MIM
MIS
MMH/FH
NAESU
NAMP

NAVAIRSYSCOM

PMA-261
RAM

APPENDIX A
GLOSSARY OF ACRONYMS

Alternating Current.

Artificial Inteliigence.

Auxillary Power Unit.
Computer-Aided Diagnostic Svstem.
Compact Disc Read Only Memory.

Certainty Factor, the Jdegree of confidence one has in a fact or
relationship. In ML O} v assigned @ value betiween ~ 100 and
-100.

Designation of S.R.&M Sca Kright helicoprer.

Chief of Naval Operatons

Direct Current.

Fiscal Year.

Generator tailure.

Designation for Helicopter Combat Support Squadren.

Designation for the Sea Knigh® helicopter used in the United
States Navy and Marine Corps for unlity missions.

Job Contrel Number.
Knowledge Acquisition.
Knowiedge basce entry.

Maintenance Action Form, for documentaticn of aircraft
discrepancies.

Maintenance Data Report.

Maintenance Data Svstem.

Maintenance Information Manual.

Management Information System.

Maintenance Man-hours per Flight Hour.

Naval Aeronautical Engineering Service Unit.

Naval Aviation Maintenance Program.

Navil Air Systems Command.

NAVAIRSYSCOM Program Manger for H-46 squadrons.

Random-access memory: computer’s high speed (main) memory.
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Surviveability, Reliability, and Maintainability Program, that
extends the service life of the H-46 helicopter through the vear
2000.

Technical Directive.

Visual Information Display System'Maintenance Action Form.
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APPENDIX B
INTRODUCTORY USER’S GUIDE TO CADS

I INTRODUCTION
CADS is a prototype microcomputer-based expert svstem designed to help
squadron  and detachment maintenance people troubleshoct S.R,&M  CH-36D
helicopter system problems. The goal of the CADS prototipe is to find the exact
cause of ciectrical and hyvdraulic system discrepancies (“gripes™). CADS contuains
linuted corrective action procedures.
The purpose of this Introductory User’s Guide is to get a troubleshooter started
and somewhat fanuliar with use of the CADS prototvpe. [t is not meant to be a
comprehensive instruction manual  explaining  all the various  capabilities  and
peculiarities of the CADS software.
The following assumptions apply to using the CADS prototype:
a. Users are fwmhiar with the use of a nucrocomputer.
b, Users have access to a Zenith 248 or IBM PC compatible microcomputer, with
two Jisk drives or a hard drive.

c. Users have a copy cf the CADS prototype program, either on the two 5.25 inch
floppy diskettes, or on the hard drive of the miucrocomputer.

2. WHAT TO EXPECT

CADS helps troubleshooters find the cause of a hclicopter discrepancy by
displaving isoiation procedures for the woubleshooters to perform, then asking
questions about the outcomes of the performed procedures. CADS lists all the
nossible answers to questions it asks. You as the troubleshooter select the appropriate
answer based on the outcomes of the isolution procedures vou have pertormed.

CADS is a computerized version of the maintenance manuals’ trouhleshooting
tables. The intention is to demonstrate that maintenance infermation can e :nade
accessible on disks and microcomputers, so vou do not have to deai with the
maintenance manuals,

The best way to approach CADS is to imagine that vou are consuliing the
troubleshooting tables. The difference is the added feature that C.ADS will ask vou the
right questions about the isolation procedures vou have performed. at the right time,

and for the nght reason. You will not have to waste time scarching the manunls for
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procedures that are not there anywayv. CADS will guide vou to troubleshoot

discrepancies correctly, completely, and efliciently.

3.

b.

o

&

[}

WHAT YOU NEED TO USE CADS

To use CADS vou will need the [ollowing:

A Zenith 248, or IBM PC compatible microcomputer with S12K bytes of
memory running PC-DOS 2.0 or later.

The two CADS prototype diskettes.
Two disk drives or a hard drive.

A color monitor i1s recommended, but a monochrome monitor is sufficient.

GETTING STARTED WITH CADS.

The initial setup procedures are as follows:

Turn on the microcomputer and the monitor, and “boot up” with PC-DOS 2.0
or later.

Insert CADS diskette #1] into drive A: .
Insert CADS diskette #2 into drive B: .
or

If the micrccomputer you are using has a hard drive (the Zenith 248 does) copy
hoth diskettes onto drive C: . To do this, at the A> prompt tvpe:

A> copy a*.t o
Remove CADS diskette #1 from drive A:, and insert CADS diskette #2. Use

this copy command again for CADS diskette #2. This puts all the CADS files
onto the hard drive (drive C:).

At the A > or C> prompt type:

A > cads (if vou are using two disk drives)
or

C > cads (if vou are using a hard dnive)
In upper or lower case letters.

A full screen banner is displaved momentarily, then a full screen of text
welcoming vou to CADS 1s dispiaved.

CADS USER INTERFACE
4. Windows

Refer to Tligure B.l. The «creen is divided into three windows.  These

permanent areas of the screen are:
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1. TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE window.

This window will display the isolation procedures that vou need to perform
for the “gripe” vou arc troubleshooting. After a CADS consultation the cause of the
“gripe” will be displaved in this window. A few corrective action procedures are also
displayed.

2. QUESTION window

CADS asks you questions during a consultation. The questions will

automatically appear in this window as the consultation proceeds.
3. SELECT AN ANSWER window

Answer tue questions CADS asks vou by highlighting the appropriate
answer displayed in this window, and pressing “Enter”. Use the arrow (cursor) Kevs to
move the highlighting up or down through the list of answers. The values displaved
are the answers acceptable to CADS.

The termy unknown is aiwavs included as a possible answer. However, in
this CADS prototype do not select unknown when asked for the major svstem and the
subsystem in which the gripe is located.

At the bottom of the window is the term “Space to Mark”. This is just a
reminder for you to mark the response vou have selected by highlighting.

4. CF window

This is the certainty factor window. It allows you to enter numbers from
-100 to + 100 representing the confidence vou have in vour selected response. You can
enter numbers by using the right arrow kev, which moves the highlighter to the CF
window. When vou have typed in a CF number, press “Enter”.

b. Message Line
The message line appears at the bottom of the screen. It displays the function
kevs and the CADS status indicator.
1. F2 Scroll

You can press the F2 key and the arrow (cursor) kevs to scroll backwards
and forwards (up and down) through the TROUBLESHOOTING PROCEDURES &
POSSIBLE CAUSE and QUESTION windows. The following keys arc used for
scrolling:

F2  enable scrolling/move to next window

l scroll forward (down)

1 scroll backward (up)

Esc disable scrolling and return to the SELECT AN ANSWER window

57
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2. FI10 Help
Refer to Figure B.2. The following help commands are available anytime
by pressing the F10 key (an “on/off” key). and highlighting a help command (described

1 below) and by pressing “Enter”, or by pressing the noted keys.

{1y options for response.  Sometimes vou will not be able to read the entire
list of all acceptable answers because the SELECT AN ANSWER window is too small.
such as when a gripe has a long svmptom description. Or, you may want to know
what the acceptable responses are to a question. Highlight “options for response”, and
press “Enter”. The “pop up” CADS help menu disappears and the message “Your
response  must be chosen from the following:” will appear in the
TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE window, with a full
list of acceptable answers. When vou have found the appropriate response, scroil up
or down through the SELECT AN ANSWER window to highlight the appropriate
response. then press the “Enter” Key.

(2) abort consultation’ ALT - A. If vou want to quit during a CADS
consultation, highlight “abort consultation”, and press “Enter”. A “pop up” box

appears asking you whether yvou want to abort the consultation. If “yes”, press the "v”

kev. This will end the consultation, and clear the windows. To restart the consultation
press "Alt” and "G” simultancously.

(3) Restart CADS. If vou want to exit from CADS and return to the
operating svstem, or rcturn to the main menu, highlight “Restart CADS”. A “pop up”
box appears asking “Restart CADS (main menu), Exit to DOS? (v.n)". If “"ves” press
the “v” kev. This will end the consultation, clear the screen, and return vou to the
DOS A> or C> prompt. To return to the main menu type cads at the A> or C >
prompt.

(4) go run consultation ALT - G. If vou have aborted or ended a
consultation and vou want to start another consultation with the same major syvstem
and subsvstem, highlight “go run consultation”. or press the "Alt” and "G" kevs
simultaneously.

(5) restart consultation. This allows vou to continue with a consultation
where vou left off. It keeps the answers vou have already given in the CADS memory.
(6) why is CADS asking ALT - W. If vou want to know why CADS 1s
asking vou a particular question, highlight “why is CADS asking”. CADS will then

dispiay the rules in the knowledge base that it is considering, as it tries to determine if

PR

_m e -

~

" K e



N e

elialieg e

v
(3]

Pl M e} > [N Nt Sl

l' ’ T p

R

.......

»

R PO S AN

they are applicable to the consultation. You can do the same during & consuitation by
pressing the "Alt” and “"W" kevs.

(7) ESC to Cancel. If vou want to escape out of the CADS help mienu or
any of the help commands, press the "ESC” key. This will cancel the help command.
cause the CADS help menu to disappear. and return vou to the screen display of the
consultution where vou left off.

3. Status indicator

The status indicator on the right side of the message line indicates the
status of CADS. This will be one of three modes: READY. LOADING, or
CONSULTATION.

6. SAMPLE CADS CONSULTATION
This consultation demonstrates finding the cause of the gripe:
No. 1 generator failure light illuminated in flight
Figures B.3 to B.9 show what the microcomputer screen will look like as the
consultation preceeds. Good luck, and remember: DO NOT BE AFRAID OF
ANYTHING THAT YOU CAN PULL THE PLUG ON!
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CADS help menu
- TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE
H
/—/_ H
WELCOME TO CADSH!!
H-46 HELICOPTER
COMPUTER AIDED DIAGNOSTIC SYTEM!!!
H H H
O O o
- QUESTION r SELECT AN ANSWER CF
yes '
Would you like a few directions no
on how to use CADS? unknown
L Space to Mark
F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.1 Iniual CADS Screen.

After typing cads at the A> or C> prompt, a banner screen displays momentarily,
then this initial text screen appears. You can obtain a few brief directions by

highlichting “ves” and pressing “Enter”. Or, begin the CADS consultation without

directions by hizhlishting "no” and pressing "Enter”.
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| [aos help menu J :
3 options for response ] POSSIBLE CAUSE
abort consuitation . . . . . ALT-A
Restart CADS .
go run consultation . . . _ALT-G ’
restart consultaiton o
why s CADS asking . . . . . ALT -W .
ESC to Cancel :.'
R
N
- QUESTION - SELECT AN ANSWER CF A
»
Ky
9
l"
L Space to Mark o
F2 Scroll F10 Heip H-46 CADS by GADZ CONSULTATION... ':
-
oS
Figure B.2 CADS Help Menu. B
The CADS help menu is available anvtime vou press the F10 kev. You may then b
highlight @ help command and press “Enter”. Refer to the F10 Help section for an .
explanation of these commands. Nctice the status indicator in the message line at the
Bottom ot the CADS screen has changed from READY to CONSULTATION ... It -
will automatically change back to READY when vou have seiected a help command or ‘_:-:
pressed the "ESC” key. If vou want to escape out of the CADS help menu press the "~
-
“ESC” key. ®
o
N
1.\
X

A
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CADS help menu
TROUBLESHOQTING PROCEDURES & POSSIBLE CAUSE

This system is designed to be a prototype microcomputer - based expert

system to aid squadron maintenance personnel diagnose aircraft system problems.

1. Youwill be asked a series of questions about the “gripe” you are troubleshooting.

2. Answer the questions by highlighting your response. Responses are found in the
"SELECT AN ANSWER” window 1n the lower right hand corner of the screen. Use the up
and down arrow keys to nighhight your response, then press the “Enter” key.

3. Toseetheiistof possibie answers to a question, or 10 see the entire answer, press “F10~
then select "options for respanse”.

4. If you getstuck, press the "F10” key to get help from the CADS help menu.

- QUESTION - SELECT AN ANSWER CF
electrical : -
In what major aircraft system is the hydrauiic
problemor "gripe” located? unknown

L Space to Mark
F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.3  Second CADS Screen Giving Directions.

The second screen provides brief directions, and asks the first question about the gripe.
As a troubleshooter, vou know that a No. | generator failure light illuminatiag in fhght
1s associated with the H-46 helicopter's electrical svstem. Highlight “electrical” in the
SELLECT AN ANSWER window, then press “Enter”.

Caution: DO NOT select unknown at this point. If you do, press the “Alt” and "G”
keys simultaneously to return to the main menu.
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CADS help menu
r TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

This system is designed to be a prototype microcomputer - based expert

system to aid squadron maintenance personnel diagnose aircraft system problems.

1. You will be asked a series of questions about the “gripe“ you are troubleshooting.

2. Answer the questions by highlighting your response. Fiesponses are found in the
“SELECT AN ANSWER” window in the lower right hand corner of the screen. Use the up
and down arrow keys to highlight your response, then press the "Enter” key.

3. Tosee thelist of possible answers to a question, or to see the entire answer, press “F10°
then select “options for response”.

4. Ifyou getstuck, press the "F10” key to get help from the CADS help menu.

- QUESTION - SELECT AN ANSWER CF
‘AC system’ -
In which electrical sub-system is the ‘DC system’
problem or "gripe” located? ‘APU elect sys’
unknown
L Space to Mark

F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.4 Third CADS Screen Asking for Electrical Sub-system.

The third screen changes little from the previous, except for the question asking in
which electrical sub-svstem the gripe is located. Knowing that the generators are part
of the AC system, highlight "AC syvstem” and press "Enter”. Wait momentarilv while
CADS ioads the AC svstemn knowledge base. You will notice that the status lamp in
the lower right corner has changed to CONSULTATION ... When the AC system

knowledge base is loaded, it will change back to READY, then vou can continue.

Caution: DO NOT select unknown at this point. If vou do, press the "Alt” and "G~

keys simultaneously to return to the main menu.




CADS help menu

- TROUBLESHOOTING PROCEDURES & PCSSIBLE CAUSE

system to aid squadron maintenance personnel diagnose aircraft system problems.

1. You will be asked a series of questions about the “gripe” you are troubleshooting.

2. Answer the questions by highlighting your response. Responses are found in the
“SELECT AN ANSWER* window in the lower right hand corner of the screen. Use the up
and down arrow keys to highlight your response, then press the "Enter” key.

3. Tosee the list of possible answers to a question, or to see the entire answer, press "F10”
then select “options for response”.

4. If you get stuck, press the “F10” key to get help from the CADS help menu.

begin CADS consultation = yes(100%) because kb-18.

- QUESTICN - SELECT AN ANSKWER CF

"GEN FAIL LT ON - both Gens -
"One ESS BUS [T ON -"etther
‘One or both ESS BUS LT ON-
‘One DC BUS LT ON - either
‘Opposite DC BUS LT ON - one
unknown

What is the symptom in the AC system?

L Space to Mark

F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.5 Fourth CADS Screen Asking for the AC System Symptom.

The AC svstem knowledge base is now loaded. You are asked for the AC system
symptom. These symptoms are the same as the symptoms listed in the maintenance
manuals’ troubleshocting tables. The SELECT AN ANSWER window is too smail to
display the entire symptom. That is no problem. Press the F10 key for the CADS help
menu. Highlight “options for response”, and press "Enter”. The full list of acceptable
responses will appear in the TROUBLESHOOTING PROCEDURES & POSSIBLE
CAUSE window. When you have selected your response, highlight the appropriate
response in the SELECT AN ANSWER window. In this case highlight ‘GEN FAIL

LT ON - both Gens ON - rotors at flight rpm’, and press "Enter”.
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CADS help menu
- TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

The first troubleshooting check of this symptom is to check the
PMG and Exciter Windings/Wiring:

No Power on the helicopter. Non-turn-up.

1. Read PMG from the supervisory panel (241P5 or 241P6)
(AtoB,BtoC,Cto A)should = 0.5o0hms.

2. Read A and B and Cto ground. Thisshould = infinity.
Read £ to Hshould = 2.1 ohms.
Read EorHtoF = 2.8 ohms.

- QUESTION - SELECT AN ANSWER CF
ves T
Are all of the resistances to the first no
troubleshooting check correct? unknown
L Space to Mark
F2 Scroll F10 Help H-46 CADS by GADZ READY

that all the resistances are correct. Highiight “ves”, and press “Enter”.

Figure B.6 Fifth CADS Screen Displaying First Isolation Procedure.

The first isolation procedure for this gripe is displayed, along with a question asking
about the ouiccme of this procedure. You now need to perform the procedure 10

: : . " o
answer the question. Let us sav that vou performed the isclation procedure and found
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CADS help menu
~ TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

If you are sure that all the resistances are correct with NO
POWER on the helicopter, the second troubleshooting check is of
the generator Control Switches and Wiring:

N
L.
;

No Power on the helicopter. Non-turn-up.

Read terminals R and § (241P3 or 241P4) for resistance with the
Paower Control Master Switch in the #1 and #2 GEN position, and
select Generator Switch to GEN.

( QUESTION - SELECT AN ANSWER CF
yes o, ~ L | ° o
Is there resistance between terminals no
R and S in the second troubieshooting unknown
check?
L Space to Mark

F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.7 Sixth CADS Screen Displaying Second Isolation Procedure.

You must now check for resistance between terminals R and S. Let us say that there 1s

resistance. Highlight “ves”, and press "Enter”.
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CADS heip menu
- TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

If you are sure that all the resistances of the first two
troubleshooting checks are correct with NO POWER on the helicopter,
the next troubleshooting check is:

With rotors at flight rpm and generators OFF --
cross connect the opposite Supervisory Panel into
the malfunctioning system.

Turn ON discrepant AC system.

- QUESTION - SELECT AN ANSKER CF
yes
Does the generator come on line and the no
GENFAIL light go out? unknown
L Space to Mark

F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.§ Seventh CADS Screen Displaying Third Isolation Procedure.

Since vour first two troubleshooting checks resulted in correct resistances, vou must
perform this third isolation procedure. Let us sav that vou performed it and found
that the generator did come back on lme and the GEN FAIL light on the cockpit
caution panel went out (vou are a prettv good troubleshiocter!). Highlight "ves’, and

press “Enter”.
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CADS help menu

FTROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

If you are sure that all the resistances of the first two

troubleshooting checks are correct with NO POWER on the helicopter
the next troubleshooting check is:

With rotors at flight rpm and generators OFF --
cross connect the opposite Supervisory Panel into
the malfunctioning system.

Turn ON discrepant AC system.

elect-prob-cause = Supervisory Panel malfunction (100%) because ruie-3.

- QUESTION - SELECT AN ANSWER

CF

L. Space to Mark

F2 Scroll F10 Help H-46 CADS by GAD2Z

READY

Figure B.9 Eighth CADS Screen - Electrical Problem Cause Found.

Notice that CADS displavs a message “elect-prob-cause =

contained in ruie-3 of the knowledge base.
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Supervisory Panel
malfunction (100°%) because of rule-3". The consultation has ended, and this message
is CADS’s way of telling you that the cause of the gripe has been found. The message

also informs vou that CADS is 100% certain of the cause, and this information is
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APPENDIX C :
CADS KNOWLEDGE BASE MODULES

[Fmmmmmmmmm—em e START PROGRAM====-=-=me-=mmoomcmanas */

goal = 'begin CADS consultation'.

automaticmenu(ALL).
enuneratedanswers(ALL).

initialdata = [helo-display,directions,major-system].
1f display([nl,"

/"'H"_') —
H__
// )) / ))
,/ > /T ))
" WELCOME TO CADS!!! | :
{ H-46 HELICOPTER )
( COMPUTER AILED DIAGNCSTIC SYSTEM!!! /
— I 1 I
0 0 0

‘,nll)
then helo-display.
‘ question(directions) = ['
) . Would you like a few directions
en how to use CADS?!']

legalvals(directions) = ['yes',6'no'].

whenfound(directions = ‘yes') =
displav(-nl,' )
This system is designed to be a prototype microcomputer-based expert
sysggm to aid squadron maintenance personnel diagnose aircraft system
problems. | ‘ ) ] ) ) .
1. You will be asked a series of questions about the "gripe' you are
troubleshootln%ﬂ i
2. Answer the questions by highli hting your response. Responses
are found in the "SELECT AN ANS%WER'" window 1in the lower
right hand corner of the screen. Use the up and down arrow
) keys to highlight your response, then press the "Enter" key.
To see the list of possible answers to a question, or to see
the entire answer, press "Fl0" then select "optiens for response',
4, If you get stuck, press the key marked "F10" to get help from
the help menu.',nl-).

whenfound(directions = ‘no') =
display([nl,"
After answerin? the guestions shown below
wait momentarily while CADS loads the Knowledge Base of the y
major system that you want to troubleshoot.',6nl,nij).

[Fmmmmmmm—————naas MAJOR SYSTEM-=----=meoeecececcmaccana. */ >

question(major-system) = [' . ‘
In what major aircraft system is the h
problem or '"gripe" located?', nl],

legalvals(major-system) = -'electrical', 'hydraulic'-. '

4]

.
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[Kemmmmmmmaan SUE-SYSTEM QUESTIONS ==m=-===--c=n- */

whenfound(major-system = ‘electrical') = electrical-sub-system.

cuestion(electrical-sub-system) = [nl,'
In wnich electrical sub-system is
the problem or “gripe" loca+ted?', nl].

legalvals(electrical-sub-system) = ['AC system', 'DC system',
‘APU elect sys'].
whenfound(major-system = 'hydraulic') = hydraulic-sub-system.
question{hydraulic-sub-system) = [nl,'
In which_hydraulic sub-system is
the problem or ‘'gripe" located?',nl].

legalvals(hydraulic-sub-system) =
{Tflight control hydraulic system',
*flight control pressure indicating system',
‘Utiiity Power System',6
‘utility gressure indicating system'-.

[Fmmmm e m e mee LOADING ELECTRICAL FILES-====-==c--=-—eecaaa-- */
if major-system = 'electrical'
and electrical-sub-system = 'AC system!

and do( load ac-elect )
then 'begin CaDS consultation'.

1f major-system = 'electrical!
and electrical-sub-system = 'DC system'
and do{ load dc-elect )

then 'begin CADS consultation'.

if major-system = 'electrical'
and electrical-sub-system = 'APU elect sys'
and do( load apu-elec )

then 'begin CADS consultation'.

PR R R L R LOADING HYDRAULIC AND UTILITY FILES---------- */
if major-system = 'hydraulic' _
and hydraulic-sub-system = 'flight control hydraulic system'
or hydraulic-sub-system =

‘flight control pressure indicating system'
and do( load hydr ) _
then ‘begin C2ADS ‘consultation'.

if major-system = 'hydraulic' o
and hydraulic-sub-system = 'Utility Power System!' )
or hydraulic-sub-system = 'utility pressure indicating system!'

and do( load utility )
then 'ktegin CADS consultation'.

/r‘:*k***k*****k* END OF INITIALIZATION MODULE ****************/
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----ELECTRICAL SUB-SYSTEM: AC SYSTEM SYMPTOMS--------- */

goai = elect-prob-cause.

automaticmenu(ALL).
enuneratedanswers(ALL).

presuppesition(ac-sys-symptom) =

maécr-systgm = 'electrical’

and electrical-sub-system = 'AC system'.
question(ac-sys-symptom) = [nl,nl,'

What is the symptom in the AC system?', nl].
legalvals(ac—sys-sym tom) = | )

"GEN FAIL LT ON - both Gens ON - rotors at flight rpm',

'Onie ESS BUS LT CN - either or both Gens ON - rotors at fli%ht rpm',

'One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm',
"One DC BUS LT ON - either or both Gens ON - rotors flight rpm’,
'Opposit DC BUS LT ON - one Gen ON - rotors flight RPM']J.

[Fmmmmm e AC SYSTEM SYMPTOM:
GEN FAIL LT ON - BOTH GENS ON - ROTORS AT FLIGHT RPM ===--- */

whenfound(ac-%gs-symefom = )

'GEN_FAIL LT ON - both Gens ON - rotors at flight rpm') =
display([nl,nl,' , . .
The first troubleshooting check of this symptom is to check the
PMG and Exciter Windings/Wiring:

No Power on the helicopter. Non-turn-up.
1. Read FMG from the supervisory panel (241P5 or 241P6)
(A to B, B tocC, CtoA) should = 0.5 ohms. '
2. Read A and B and C to ground. This should = infinity.
Read E to H = 2.1 ohms.
Read E or H to F = 2.8 ohms.',nl,nl,nl]).
rule-1: if ac-5{f-s¥?ptom = )
'"GEN FAIL LT ON - both Gens ON - rotors at flight rpm!'
and 'first ts check'= no
then elect-prob-cause = . L. o
‘Discrepant Generator PMG or Exciter Windings/Wiring Faulty'.

question('first ts check') = [nl,'
aAre all of the resistances of the first
troubleshooting check correct?',nl].

legalvals(‘first ts check') = ['yes','no'].
wnenfound('first ts check' = yes) =
display({nl,nl,’ . .
If you are sure that all the resistances are correct with NO

§OWER on the helicopter the second troubleshooting check is of
the generator Control Switches and Wiring:

No Power on the helicopter. Non-turn-up. _ '

Read terminals R to S (241P3 or 241P4) for resistance with the
Fower Control Master Switch in the #1 and #2 GEN position, and
select Generator Switch to GEN.',nl,nl,nl]).

rule-2: if ac-sys-symptom = )
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm!
and 'first ts check'= yes
and 'second ts check' = no
then elect-prok-cause = _ o
‘Discrepant Generator Control Switches and Wiring Faulty'.
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guestion('second ts check') = nl !

Is there reslstance between terminsls

R and S in the seccnd troubleshooting check?' , nl].

legalvals!'second ts check') = { ves  'no'|

whenfound{'second ts check’' = yeg: =
Gisplay( nl.nl.'

it yc. are sure *hat all “he resiitanztes oF the first two

troubleshcctiny i _crie s oito Nl PIWER on the helicrpter
the =2zt wrolies: N
Woth roocrs =% slo3 At e 3t 5 TE -
Cra3s connecs © - - aroeLoints
-
- ot orom

’ - - ¢ - OFATLL l-;ﬂ:

; EIR

’ s . a s e
Wit main gensrators e ac-tel o3r;o v
GEREraLoOr swWit 2 e ]
C to ground cf “ne :a_a*aei jere:
1€173 16154 or terminals 1 F
termiral bcocard cn generat-r tese
EL-HABGRE-4Z0-707, gecnizn o

presupposition(gen-vo.tage-re2ding' =

ac-sys-symptom = .

'GE!I" FAIL LT ON - both Gens Ol - rotcrs at flicht rpm'.
ques*tion{gen-voltage-reading) = [nl,’

Whnat are the generator voltages reading?' ,nl].

legalvals(gern-voltage-reading) = [ 'voltages correct',
‘voltages missing or low’',"one or two voltages = 0'].
whenfound{gen-voltage-reading = 'voltages correct') =
display(‘rnl,nl,’
If you are sure that the generator voltages are correct,
the generator malfunctions hecause the phasing connections are
incorrect or because of a faulty contactor control.

You must now check the phasing, contactor control, and switch
centrol.

Using a phase detector, check for proper phase rotation at
related test receptacle 161J3 161J4.',nl,nl,nl]).
rule-4: 1f ac-sys-symptom = )
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm!'
and not{'generator comes on line')
and gen-valtage-veading = 'veltages correct!
then 'phase rotation' is ‘sought.

-l
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whenfound(gen-voltage-reading = 'voltages missing or low') =
display({nl,nl,’ o
If vyou are sure that the generator voltages are missing cor low,
the generator malfunctions possib.y because the exciter

windings are defective, PMG output 1s incorrect, or because of
a feeder fault,.

You must now troubleshoot the generators PMG output, exciter windings,
and feeder wires:

With generators OFF, connect the generator test

cable - see fig.l - between the supervisory panel receptacle and

connecter plug 241P5 241P6 on the malfuncticrin sgs em.

At the test términai board, check for agproximately 38 wvac

between ground and terninal £ and terminal H.',nl})
rule-5: if ac-sys-symptom =

'GEN FAIL LT ON - both Gens ON - rotors at flight rpm'

and not('generator ccmes on line') o

and %en—voltage-readlnq = 'voltages missing or low'
then 'PMG output' is sougnt.

whenfound(gen-voltage-reading = 'one or two voltages = Q') =
display(inl,nl,'
If you are sure that the generator one or two voltages = O,
the generator malfunctions possibly because of a feéder fault.

You must now troubleshoot the generators feeder wires:

Perform the following with the helicopter shut down and all
pover removed:

1 Disconnect cables from T4, TS, and Té.
2 Chigkrfbr infinite resistance to ground at terminals Ti1, T2,
ard I3.
3 If resistance at any terminal is measurable, disconnect
wire from terminal to determine whether ground fault
is in generator or on feeder wire.
4 Check for infinite resistance between terminals Tl, T2, and T3.
5 If any resistance between any combination of terminals is
measurable, disconnect wires from those terminals to
determine whether ground fault is in the generator or on
feeder wires. i
6 Check for zero resistance to ground on wires
that were removed from terminals T4, TS5, and T6.',nl]).
rule-€: if ac-sys-symptom =
'"GEN FAIL LT ON - both Gens ON - rotors at flight rpm!'
ana not( generator comes on line')
and gen-voltage-reading = 'one or two voltages = 0!
then 'feeder fault' is sought.

N AC: PHASING CONNECTIONS-----=--===-====-= */

question(‘phase rotation') = [nl,nl,!
Is the phase rotation correct?', nl],.

lejalvals('phase rotation') = ['yes','no'].
whenfound('phase rotation' = 'yes') =
display({nl,nl,' ) .
If phasing 1s correct, verify cround phase reference wires are

cennected correctly to generator terminals T4, TS5, and T6

gzutzd through thelr correct ceres in current transformer 241T3
174,

You must also check the contactor.

When proper voltage is 115 - 120 vac and .
Droper paase 1s present at terminals Al, Bl, and Cl respectively
but mot A2, B2, and C2 of related contactor

242K1 242K2 check for 28 vdc betwez2n pins A and B of contactor
connector piug 242P1 242P2.

--------------------------------------------- ! ?
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whenfound('Phase rotation' = 'no') =
display(fni,nl ' '
If phasing 1s 1lncorrect, locate crossed connections - generator

terminals Ti, T2, T3, or contactor terminals 242K1 242R2 AL,
El, and Cl.

You must also check the contactor.

When proper voltage is 115 - 120 vac and ‘
roper phase is present at terminals Al, 21, and Cl r:spectively
Ut not A2, B2, and C2 of related contactor

242Kl 242K2 check for 238 vdc between pin: A and B of contactor

connector plug 242P1 242P2.

R it AC: CONTACTOR CONTROL======m======mcmn= */

question('contactor voltage') = nl,nl,’
Is there 28 vdc between pins & and B.',nl].

legalvals('contactor voltaga') = ['yes',k'no'].

rule-7: if gen-voltage-reading = 'vcltages correct’

and 'phase rotation'

and 'contactor voltage'

and display{inl,nl,'

If the 28 vdc is correct, replace the contactor.',nl])
then elect-prob-cause = 'gen malfunction - faulty contactor'.
rule-8: if gen-voltage-reading = 'voltages correct'

and 'phase rotation'

and not('contactor voltage')

and display([nl,nl,’

If you are sure that the voltage is not 28 vdc, verify pin B to

gz?gzd and pin A of the supervisory panel connector plug 241P3
L .

Correct discrepant wiring.',nl]) ‘
then elect-prob-cause = 'gen malfunction - contactor wiring faulty'

rule-9: if gen-voltage-reading = 'voltages correct'

and not(‘chase rotation')

and 'contactor voltage!

and disglayé[nl,nl,‘

If the 28 wvdc 1s correct, replace the contactor.

The phasing is incorrect also. Locate the crossed

connections.',nl,nlj)
then elect-prcb-cause = . .

‘generator ralfunction - phasing incorrect and faulty contactor'.
rule-1C: if gen-voltage-reading = 'voltages correct'

and not('phase rotation')

and not(‘'contactor voltage')

and display({nl,nl,' _

If you are sure that the vcltage is not 28 vdc, verify pin B to

ground and pin A of the supervisory panel connector plug 241P3

<21P4,

Correct discrepant wiring. .

The2 phasing is incorrect also. Locate the crossed connections.',nl,nl})
then e.ect-prob-cause =

‘generator malfunction - phasing incorrect and faulty contactor'.

LR LR L L LT AC: PMG OUTPUT----==-=-c=cncmnu- */

Gguestion! 'PMG output') = [nl,nl,'
what is the value of the pm voltage
between ground and terminal E and
terminal H?

Enter a number between O and 33.',nl].
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legalvals('PMG output') = number(0,38).

wh2nfound('PMG output' = 38) =
“isplay([nl,nl,' . .
You just entered 38 which is normal voltage - 38 vac.

Now ycu need to troubleshoot and check the exciter winding:

Using the generator test cable as in the PMG output check,
check for approximately 2.3 vdc between ground and terminal F
cf test terminal board.',nl,nl]).

ruie-1l: 1f gen-vcltage-reading = 'voltages missing or low’

and 'PHG cutput' = %

and X < 38

ard display({al,ni," )
You jus:t entered a voltage below 38 vac, if you are sure that
the “oltage is low, disconnect test cable receptacle at helicopter
cable piug and repeat measurement, If voltage does not rise to
apprcximately 38 vac, the pm section of the gznerator is
detfeczive.',nl,nl])

then elect-prob-cause = ‘PMG output incorrect’,
rule-12: if gen-voltaq;-reading = ‘voltages missing or low'
and 'PUC output' = 1
and X = 28
and 'exciter dc voltage' =Y
and ¥ < 2.3

and display(inl,nl, '

Zou just entered a voltage below 2.3 vdc. Since the dc voltage
1s low, operate the switch on test cable to OFF pcsition and
repeat measurement.

If the voltage remains low, the regulator in the supervisory
panel is defective.',nl,nl))

then elect-prob-cause =
‘Regulator module in Supervisory Panel Defective'.

[Fmmmmmmm e meaaaaaes AC: EXCITER WINDING=m=-m=cm===c-monmaa-n */

guestion('exciter dc voltage') = [nl,nl,!
What is the value of the Volta?e between
ground and terminal F of test ferminal
coard?

Enter a number between 0 and 38.',nl].
legalvals('exciter dc voltage') = number(0,38).

rule-i3: if gen-voltage-reading = 'voltages missing or low'
and 'BMG output' = X
and ¥ = 33
and ‘exciter dc voltage' =Y

ard ¥ - 2.3
arnd dispiay({nl,nl,'
Tou Just entered a voltage above 2.3 vdc.

Since the dc voltage is in excess of 2.3 vdc, the

exciter vwinding in the generator is defective.',nl,nl])
then elect-prcb-cause = 'Exciter Winding Defective!.
whenfound('exciter dc veltage' = 2.3) =

iisglilay!{'nl,nl,’

You Just entered voltage = 2.3 vdc.

The exciter winding is probably OK. You now need to check for
feeder faulrzs.',nl.)nl]).
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rule-14: if gen-vcltage-reading = 'voltages missing or low’
and 'PMG output' = X
anéd X = 38
- and ‘exciter dc voltage' =Y
and ¥ = 2.3

and displéy([nl,'

N Are we supposed to troubleshcot for FEEDER FAULTS now?',nl,nl])

k then elect-grob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

-

E A R EEE R AC: FEEDER FAULT---==--=-==c--=un */
uestion( ' feeder fault') = [nl,nl,’

Is there any measurable resistance
petween any combination of terminals?',nl,nl].

legalvals('feeder fault') = ['yes',6 'no‘].

if gen-voltage-reading = 'one or two voltages = 0'
ard 'PMG cutput' =
and X = 28
and 'exciter dc voltage' =Y
and Y = 2.3
and 'feeder fault!
and display([{rl,nl, ' _
“hen you have found whether ground fault is in the generator or
cn feeder wire, correct wire fault or replace defective
generater as appropriate.', nl,nl})
then elect-prob-cause = 'Feeder Fault'.

4 N
als asrr

rule-1%: if gen-vcltage-reading = 'one or two voltages = Q'
and 'feeder fault!
and display([nl,nl,' )
If you are sure that there is measureable resistance between
any combination of terminals then
disconnect wires from those terminals to determine whether
there is ground fault in the Generator cr on the feeder wires.

Waen you nave fcund whether ground fault is in the
enerator or on feeder wire, ‘correct wire fault or replace
efective generator as appropriate.',nl, nl])

ALY N N

then elect-prob-cause = 'Feeder Fault or Generator malfunctioning'.
rule-16: if en;volta%?-reading = 'one or two voltages = Q'
and not('feeder fault')

. and display({nl,nl,’ ‘ , .

. If there is no measurable resistance - infinite resistance -

K then the problem is bezond the scope c¢f this program. Sorry.
collect $3 O.',nl,nl]g

. Do not pass go. Do nc
. then elect-prob-cause = 'UNKNOWN - NOT PROGRAMMED VET'.
A AC SYMPTOM:

. ONE ESSENTIAL BUS LT OM - EITHER OR EOTH GENS ON - ROTORS AT
Y FLIGHT RPM =----=-ccmcamnn *
» whenfound(ac-sys-symptom = i

o 'Cne ESS BUS LT ON - either or both Gens ON - rotors at flight rpm') =
' display([nl,nl,'

) This is an indication problem. To troubleshoot:

Check for 115-120 vac at terminals A2, B2, and C2 to ground,
of ac main line contactor 242K1 242K2.',nl,nl)).
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rule-17: if ac-sys-symptom =
'One ESS BUS LT ON - either or both Gens ON - rotors at fligit rpm'
and 'mainlirecont voltage correct!'
and 'wiring continuity’
and display([nl,nl,'
If you are sure thiat the voltage is correct, and the wiring
continuity readings are gocd, then
replace the defective BUS FiIL - phase sensing - RELAV 242k3
242R4. "' ,nl]) !

v . & @

then elect-prob-cause = 'Essential Bus Fail Relay'. R:
guestion(‘mainlinecont volta%? correct') = [nl,nl,' ‘3
Is the voltage correct?' nl}. :
legalvais{'mainlinecont voltage correct') = ['yes',K6 'no'].
3
whenfound{'mainlinecont voltage correct' = 'yes') =

displav([nl ' o _ ‘ _
Check for wiring cont;nultg petween the ac main line contactor
2

» BB~ "a"

242Kl 242K2 Az, BZ, and to L1, Lz, and L3 of
BUS FaAIL -rhase sensing - PELAY 242K3 242K4.']).
questicn('wiring continuity') = fnl, nl,"’
Is the wiring centilnuity good?' ,nl].
legalvals('wiring continuity') = ['yes',k ‘no'].
ruie-18: if ac~sys-symptom = . X
‘Cne ESS BUS LT ON - eithar or both Gens ON - rctors at flight rpm' .
and not('mairlinecont voltage correct’') «
and display(i{ni.nl,®
Check for 115-122 vac at terminals Al, Bl, and Cl to ground of
aC MAIN LIUE contactor 24zZK1l 242K2. 1If those voltage readings
are correct, replace AC MAIN LINE CONTACTIOR.', nli)
then elect-prob-cause = 'Essential Bus Fail Relay'. y
rule~-19: if ac-sys-symptom = Ny
'Cne ZS3 BUS LT ON - either or both Gens ON - rotors at flight rpm' .
ar.¢ 'mainlinecont voltage correct' >
and not('wiring continulty') "
sind Jisplay([ni,nl,' o o o _ ‘
If you are sure that the wiring continuity is incorrect repair ]
the wiring.  ,nl}) K.
then elect-prob-cause = . . :
'"Faulty Wiring between AC Main Line Contactor and BUS FAIL RELAY .
terminals'. .
B AC SYMPTOM: g
CNE CGR 30TH EZSSENTIAL BUS LT ON - ASSOCIATED WITH ONE GEN ON - S
RCTORS AT FLIGHT REM = =====- */

whenfoundlac-sys~symptom = .
ore or both %S BUS LT ON - assoc. with one Gen ON - flight rpm') = d
diszlay{‘nl, nl, ¢ N
TleTk ¥or 1135120 vac at terminals Al, Bl, and Cl to ground, .

aC main line contactor 242Kl 242K2.',nl,nl}).

rule-20: 1f ac-sys-symptom = . ' k
lre or potih ESS BUS LT ON - assoc. with ocne Gen ON - flight rpm' ‘

and 'ac main line contactor voltage correct!
ar.d not('A2,B2,C2 voltage')

then elect-prob-cause = 'AC MAIN LINE Contactor'.

rale-21: 1f ac-sys~symptom = . ) -4
‘2ne or both ES3 BUS LT ON - assoc. with one Gen ON - flight rpm' N
and 'ac¢ main line contactor voltage correct' 4

and 'A2,B2,72 voltage!
and display([nl, ni,

The knowledge engineer is prettg sure that with both sets of -
gc;gage reiéings correct the ESS BUS indicator is probably -
caulty.' nll) -

then elect-procpb-cause = 'Faulty ESS BUS indicator light' cf 80.




uestion('ac main line contactor voltage correct') = [nl,nl,'
s the voltage 115-120 vac from terminals
al, Bl, Cl to ground?', nlj.

legalvals('ac main line contactor voltage correct') = ['yes',k 'no'l.

whenfound('ac main line contactor voltage correct' = 'yes') =
display(([nl,nl,’ ) )
If you are sura that the voltage is 115-120 vac from terminals Al,
Bl, and Cl to grecund you have an indicator problem.

Next, cneck for 115-120 vac from terminals A2, B2, and C2 to ground, of
AC MAIN LINE CONTACTOR 242Kl.',nl,nl]).

uestion('A2,B2,C2 voltage') = [nl,nl,'
s the voltage 1:5-120 vac from terminals
A2, B2, C2 to ground?',nl].

iegalvals('A2,B2,C2 voltage') = ['yes','no'].

whenfound('ac main line contactor voltage correct’ = 'no') =
display([nl,nl,!'
I you are sure that the voltage between terminals Al,Bl,and Cl
and ground is NOT 115-120 vac, then you must now
Check for wiring continuity of generator wiring from .
disconnected terminals T1, T2, and T3 of #1 GEN tc terminals
Al, Bl, and Cl1 of aC MAIN LIME Contactor.',nl,nl}).

questionf'ac main line contactor wiring continuity') = [nl,nl,'
Is the wiring continuity good?' ,nl].

legalvals('ac main line contactor wiring continuity') = ['yes',6 'no'].

rule-22: if ac-sys-symptom = . .
‘One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm'
and not('ac main line contactor voltage correct')
and 'ac main line contactor wiring continuity'
and dis la¥({nl,nl ' ' )
Since the 1rst.voitaggs of the first check were incorrect, and
the wiring continuity is good, then the AC Mainline Contactor
is faulty.',nl]) )
then elect-prob-cause = 'Defective AC MAIN LINE CONTACTOR' cf 80.

rule-23: if ac-sys- B{;réptom =

‘One or both ESS LT ON - assoc. with one Gen ON - flight rpm!
and noté'ac mailn line contactor voltage correct')
and not('ac main line contactor wiring continuity')

then elect-prob-cause = .
‘Defective AC MAIN LINE Contactor wiring continuity defective'.

AC SYMPTOM:
ONE DC BUS LT ON -~ EITHER OR BOTH GENS ON - ROTORS AT FLIGHT

whenfound(ac-sys-symptom = )
'One DC BUS LT ON - either or both Gens ON - rotors flight rpm') =
cdisplay([nl,nl,'
Check for 28 vdc between X1 and X2 of
BUS FAILURE RELAY 161K3 161K4.',nl,nl]).

rule-24: if ac-sys-symptom = )
‘One DC BUS LT ON - either or poth Gens ON - rotors flight rpm'
ancd 'X1,X2 dc voltage correct!'

then elect-prob-cause = 'Defective BUS FAILURE RELAY'.

question('X1,x2 dc voltage correct') = [nl,nl,!
Is the voltage between X1 and X2 = 28 vdc?'.nl].

legalvals('X1l,X2 dc voltage correct') = ['yes',6'no'].




whenfound('X1l,X2 dc voltage correct' = 'no') =
display([nl,nl,' )
If you are sure that there is no voltage present,
check for 28 vdc at left or right hand junction box at the DC
circuit breaxers bus bar.',nl, al})
presupposition('dC C/B bus bar voltage') =
ac-sys-sympzom = ) .
‘One DC BUS LT ON - either or both Gens ON -~ rotors flight rpm'.
guestisn{'DC C/3 bus bar voltage') = [nl,nl,'
Is the voltage present at the
LC circuit breaker bus bar?‘,nl].
legalvals('DC C/B bus bar veltage') = ['yes','no'].
rule-25: if 'DC C/B bus bar voltage' = 'yes'
and display{{nl,nl,' ,
Ifdyou are sure that there is no voltage present between ¥l and X2,
an
t&at voltage IS present at the DC circuit breakers bus bar
then
use multimeter and Al-U46AE-WDM-G00Q, WP 004 00 or
A1-H46AE-WOH-01C, WP 004 G0 .
to fault isclate wiring and repair as necessary.',nl,nl])
then elect-prokb-cause = ‘Defective BUS FAILURE RELAY'.
rule-26: if ac-sys-symptom = ,
‘One DC BUS LT ON - either or both Gens ON - rotors flight rpm'
and not('DC C/B bus kar voltage')
and display([nl,nl,' . .
Ifdyou are sure that there is no voltage present between X1 and X2,
an
that voltage IS NOT present at the DC circuit breakers bus bar,
tae DC BUS Light indicator is faulty.' nl])
then elect-prok-cause = 'Faulty DC BUS Light indicator' c¢f 80.

JFemmmmmmm—aaae AC SYMPTOM:
OPPOSITE DC BUS LT ON - ONE GENERATOR ON - ROTORS AT FLIGHT RPM--*/

whenfound(ac-svs-sxq;tom =

'‘Opposit DC BUS LT ON - one Gen ON - rotors flight RPM') =
display({nl,nl,'
Check for 28 vdc between X1 and X2 at
CC CROSS-TIE RELAY 161K5.',nl,nl]).

rule-27: if ac-sys-symptom = )
'Opposit DC BUS LT ON - one Gen ON - rotors flight RPM!'
and 'DC XTIE X1,X2 voltage correct'’

then elect-prob-cause = 'Defective DC CROSS-TIE RELAY'.

guestion('DC ATIE X1,X2 wvoltage correct') = [ni,nl,'

Is the vcltage between X1 and X2 = 28 wvde?',nlj.
legalvals('DC AKTIE X1,X2 voltage correct') = ['yes',6 'no'].
whenfound('DC XTIE X1,X2 voltage correct' = 'no') =

display((rl,'
If voitage is not present, check for 28 vdc between terminal B2
and ground of DC MAINLINE CCNTACIOR 161Ki1 161K2.']).
rule-28: if ac-sys-symptom =
'Opposit DC BUS LT CN - cne Gen ON - rotors fliight RPM'
and not('DC XTIE X¥1,%2 voltage correct')
and 'B2 voltage'
and cdisplay([rnl,'
If you are sure that the-e 1s 23 vdc between terminal B2 and
ground of the DC MAINLINE CONUTACZICR, then
use multimeter and Al-HGGAL-WCH-C0J, Wp 0C4 00 or
AL-H4OBRE-WIM-C1l2, WP 024 0)
to fault izclate wiring and repair as necessary.',nl,nl])
then elect-prob-cause = 'Defective DC CRO3STIE RELAY wiring' cf 60.
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question('B2 voltage') = [nl,nl,! .
Is there 28 vdc between B2 and ground?',nl].
legalvals('B2 voltage') = [‘yes',‘no'].
whenfound( 'BZ voltage' = 'no') =
display([nl,"'
If you are sure that voltage is not present between B2 and

round, then check for 28 vdc between terminal B3 and ground cf
Z MAINLINE CONTACTOR 161Ki 181X2.']).
rule-z9: if ac-sys-symptom = )
‘Cpsosit DC BYS LT ON - one Gen ON - rotors flight RPM'
and not('DC XTIE X1,%2 voltage correct')
and nox('B2 voltage')
and 'B3 voltage'
and display([al,' '])
then elect-prob-cause = 'Defective DC MAINLINE CONTACTOR'.
= (

guestion('B3 voltage') nl,nl,’
Is there 28 vdc between B3 and ground?', nll].

legalvals('B3 voltage') = ['yes',h 'no'].

rule-30: if ac-sys-symptom = )
‘Opposit DC BUS LT ON - one Gen ON - rotors flight RPM'
and not('DC XTIE X1,X2 voltage correct')
and not('B2 voltage';
and not('B3 voltage'
and display({nl,’
If you are sure that there is 28 vdc between terminal B3 and
ground of the DC MAINLINE CCNIACTOR, then
use multimeter and Al-H4&AE-WDM-000, WP 004 00 or
Al-H46ZE-WDM-010, WP 004 00
to fault isclate wiring and repair as necessary.',nl nlj)
then elect-prob-cause = 'Defective DC CROSSTIE RELAY wiring' cf 60.
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/**k*k****k*** END OF AC ELECTRICAL MODULE ************ﬁ*******/
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/***kk***k********* MAJOR SYSTEM: ELECTRICAL T K R T K KK Tk PR K ek
--- ELECTRICAL-SUB-SYSTEM: DC SYSTEM ----------- */

goal = elect-prob-cause.

automaticmenu(ALL).
enunmeratedanswers{ALL).

N =9+ T A - - =
presupposition(de sYS symptom)

major-system = 'electrical'

anc electricai-sub-system = 'DC system'.
/*-=---ELECTRICAL SUB-SVSTEM: DC SYSTEM SYMPTOMS-=====--- */
question(dc-sys-symptom); = [nl,nl,'

What 1s the symptom in the DC system?',nl].

legalvals(dc-sys-symptom) =
‘Ecuipment Connected To Battery Bus Inoperative',
'No.1 [C BUS Caution LT ON - rotors operating'].

[T DC SYMPTOM: EQUIPMENT CONNECTED TO THE
BATTERY BUS INOPERATIVE-----==----=c-- */

whenfound(dc-sys-symptom = )
‘Equiprent Connected To Battery Bus Inoperative') =
display([nl.nl,nl,nl,’
Check battery for defective cells, electrolyte leakage,
and loose ccnnections. Check for 21.7 vdc at the baftery.',nl,nl,nl}l).

presuppcsition('battery') =
dc-sys-symptom = '
‘Eculpment Connected Toc Battery Bus Incperative'.
pcesupposition('battery relays') =
dc-<y/s-symptom = ,
'"Equipment Connected To Battery Bus Incperative'.
presupposition('battery bus voltage') =
dc-sys-symptom = . '
‘Egulpment Connected To Battery Bus Inoperative'.
Cresupposition( ‘bhattery voltage') =
ac-sys-symptem = .
'Equipment Connected To Battery Bus Inoperative'
presupposition!'battery switch') = )
dc-sys-symptom = ‘
'Equipment Connected To Battery 3us Incperative'.
rule-1: 1if dc-sys-symptom =

‘Zguipment Connected To Battery 2us Incperative! |
anda 'battery’
then elect-prcb-cause = 'Defective Battery'.

guestion('battery’) = [nl,! o
Zces _the battery have any cf tiese
precbiems?! , nlj.

legalvals/'battery') = ['yes', 6 'no .
whenfourd( 'battery' = ro) =

B3R b

dispiay!([nl,nl. " . .
$ince the hattery does not nave defective cells, electrolyte :
i234age, 10%s5e Jonrections. and the woltage 1s 21.7 vdc, 1
Check +<he following bat=ery vel_ays for prcger cperatict {
pattery relav
pattery trarnsfer relav
transicrmer/rectifier trantier re.a PR U IR ﬁ
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rule-2: if not('battery')
and 'kbattery relays’
and display(inl,nl
If you ar= sure tihiat a batters
or trancforrer/rectifier transfer relay i1s defective, replace it.',nl,nl])
then elect-proo-cause = ‘Defective Battery Relay'.
glestion{'battervy reilays') = 'nl,
are eny of these hattery relays defective?' , nl].

,'no' 1.

d S:la}\[ﬂl,h‘,'
£ vou are sure that the battery relays are operating properly,
then
Check for 285 vdc at the battery bus.',nl,nl,nll}.
rule-3: 17 dec-sys-sivmprom =
‘Equiprent Ccoanected To Battery Eus Inoperative!
and nosd{ sattery
ard asty'battersy relays!)
ard notl('pattery bus voltage')
and disgplay( nl.nl,’ .
If vou are’sure tnat 25 vé:s is not present at the battery bus
trouab.esiicot the bus and repair wirirng as requ1red.',n;,nl,nlj)
then el=ct-preb-cause = ‘Jefective Battery Bus',
giestica, ‘battery bus voltage'' = ‘nl.!
Is 25 vic prasent at the battery tus?', nl).
legalvals(‘battery bus voltage') = [ 'ves',K ‘nc'].
wrnenfounc('battery bus voltage' = 'yes') =
drsplay((ni, nl ‘
I ycu are sure that the pattery bus voltage is 25 vdc,
then

Check for 25 vdc at <he battery.',nl,nl.nlj).
rule~4: 1f not('kattery'’

and noti 'battery relays')

ard 'battery bus voitage!'

and not('battery voltage')

and display(ini,nl,'

If ycu are sure that 25 vdc 1s rot present at the battery,

repailr or replace wirzng.', ni,nl nlj;
then eiect-prcb-cause = ‘'Defective VWiring'.
question('pattery voltage') = [nl,'

Is 2% vdc present at the battery?' nl].

legalvals('battery voltage') = { ya2s','no’].
whenfound('batterx voltage' = 'yes') =

display{[nl,nl, i
If vou are sure that the battery voltage is 25 vdc,
then

Check the ground connection to the battery switch for security.',nl,nl,nlj).
rule~5: if not('battery')

and not{'battery relays')

and ‘battery bus voltage'

and 'battery voltage!'

and not('battery switch') ‘
then elect-prcb-cause = 'Defective Battery Switch',
gues<ion('battery switch') = [nl.,'

Is the ground connection to the

sattery switch secure?' nl].
legalvals( 'battery switch') = ['yes',6'no'].
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rule-5: if not('battery')
anc not('battery relays')
and ‘pattery bus vecltage'
and ‘battery wcltage:
and 'battery swotch!
and display{(al,nl,’
Thes2 conditions are not covered in the MIMs.',nl, nl, nl’)
thern elect-prob-cause = CUIQIOWN .

R Y D 2C SYMPTIZMS: No.! DC BUS C&UTIC
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whenfound{dc-sys-symgtor = ‘ _
DC EUS Cauticn LT QI - rotors operating | =
Y g

rula-7: 17 dec-sys-syrooom =
'No.L LT EUS Taut: L7 SN - roters cgerating’
nd ‘sncrted L ICEU
S : |

2w check

FLMNEL by

ar
BRT-1 o opanel’ = ye3'y =
< 2.1 2C BUS nst shor 7 FANEL
15 raATING DUoCeriy you ;must
ic voneyr Jp=raticn ot the IF T tne £0ll
Trcuillesi.ooting srocedures
Fower tne lhelizcpter witn the APL,
~. ¢ 1f tae M.l DT EUS stays Jloand lic.Z DC BUS
5 ZFF. 3
2, tne CTRCSS TIE REILAY cr related wiring 1s defective,
© Shut cewn the APU immediately ~ .nl,nll).
rale-%: 1f ‘sup panel’
then eleti-proh-cause = 'Jefective CE0SS TIE RELAY'.
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: /********k******* MAJOR SYSTEM: ELECTRICAL |RAkAkRFkirkrxARAkkxrkx
----- ELECTRICAL SUB-SYSTEM: APU ELECTRICAL SYSTEM SYMPTCMS --*/
N goal = elect-prob-cause.
A automaticmenu(ALL).
~ enumeratacanswers(ALL).
R
-, presupposition(apu-sys-symptom) =
J major-svstem = 'electrical' .
E and eleCirical-sub-system = 'APU elect sys'.
" quest: ou(apu sys-symptcm) = [nl,
- What 1s the symgtoa in the’ APU
electrlca- svstem?' ,nl]
legalvals(apu-sys-symptem) = |
"DV =235 BUS * TC 3U LTS CN!
'APC ON-GRD FWR/APU Oll, No.2 DC 8US LT on',
*APU Operating Ground FWR,/aPU ON Both DC Lights CN'].
X A APU SYSTEM SYMPTOMS:
:: AU OPERATING - GRTUND POWER -GRD FPOWER APU READY B0OTH
Iy Ess EUS LIGHTS ALD 30TH ZC EUS LIGHTS ON.
L GESUND PWR, 2PU Cl INDICATOR CGUT. ===cmmeccecmccemcaccceeoaee */
Jh
whenfsundianu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON') =
~ disglav(nl,
- You .3t choose the foll owilng symptom:
N Tne APU is operatinc on ground power.
- The zwitches are 1n GRD cower and APU Ready.
- Both I35 BUS lights and
- c2ta OC BUS lights are ON
-~ Tre Zreund BwrAPU Gl oindicateor 1s Out
First check for 115-12C wvac at ‘nrmlnals _ll Liz2, L13
- Li, L2, 123 o>f contactor 243K2.',nl,nl,nlj
. Fuestioripu-volt-rdg) = [nl,"
. walt are tne APU terminal voltages
ceadini?
segalvals’agu-volt-rdg) = ['voltages correct', voltages missing or low',
srn2 cr two voltages = ('],
a wnenfounciapu-volit-rag = 'voltages correct') =
. i;s;la/(fn-,nl rl,n
= If vcu are sure that’ bhe APU woltages at terminals L11 L12 L13 -
. i TLi L2 - are correct the APU malfunctions because the
. nnaslig connections are inccrrect,
~ tne I-ontactor centrol 1s faulty,
or the switch control 1s faulty. ‘
E TCU U3t noWw ¢n eck the phasing contactor control and switch control.
- Sirst
. 2sinj a phase detector, check for proper phase rotation at terminals
< Lil LiZ Li3 - L1 Ll2 L3 - cf contactor 243&2
.. me-mmesscso--eee- bR DL L L LR L L ‘,nl,nl,nl]).
rule-1: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
. and apu-volt-rdg = voltages correct'
:. tr.an ‘ap. phase rotation' 1is soucght.
- whenfound: pv-"olt rdg = 'voltages missing or low')
- cisplayiiri,nl,’
” If ycu are sure that the APU voltages are missing or low,
the &2YJ might be malfunctioning because of incorrect PMG
" J g
s Jutput.
x Troubleshcot by performing the following checks:
v,
>,
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With the APU operating, measure voltages at the voltage regulator

plug 242P2 betwveen pins A, B, C and ground. This voltage should
pe 38 - 40 vac.',nl,nlj]).

rule-2: if apu-sys-symptom = 'APU CM-ESS _JS + DC BUS LTS ON'
and apu-volt-rdg = fvoltages missing or low'
then 'PHG voltage' is sought.

whenfound(apu-volt-rdg = 'one or two voltages = 0') =
display([(nl,nl,’
If you are sure that one or two APU voltages = O,
chatk the APU generator feeder wires.
Troublashcot by performing the following checks:
When only one or two phasés are missing or low,
“he integrity of those wires must be verified.
With all eleZtrical power off the helicopter, check
for continuity and nc shorts to each of the following
terminals: LI11, L12, L13 - L1,L2,L3 - of contactor
242X%2, to the disconnected terminals Tl, T2, T3 of the
auxiliary 8enerator - or ground power receptacle pins
a, B, C. heck generator post Tl, T2, T3 to ground.',nl,nlj).

rule-3: if apu-sys-symptom = 'APU OMN-ES5 BUS + DC BUS LTS ON'
and apu-veclt-rdg = 'one or two voltages = 0
then 'APU feeder wires' 1is sought.

Is the phase rotation correct?'
legalvals{ apu phase rotation') = ['ves',6 'no'].
whenfound( 'apu phase rotation' = 'yes’) =
display{[nl,’
If phasing 1s correct, now check the contactor controel by:

then Eroper volta?es and phasing are present at terminals
211, Li12, Li3 - Lf,L2,L3 - contactor 243K2

Check for 24 vdc and ground at X - y - coil of contactor
243K2.

question('apu phase rotation') = Hnl,‘

------------------------------------------------------- ‘,nl,nl]).
rule-4: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON!'

and apu-volt-rdg = ‘voltages correct!

and nct{'apu phase rotation') )
then elect-prob-cause = 'Phasing Connections Incorrect'.
T APU: CONTACTOR CONTROL-=-======-cow-c=- */

Ko cmrcmecea e -

The following rule is temporarily blocked out because the
kncwledge engineer must find out whether combinations of
hasirg, confactor, and switch defects are possible.

A4s the program runs now, it is phasing or contactor or
switcn,

vwhenfound('apu phase rotation' = 'no') =
éisplay([nl nl ! )
If phasing 1s 1ncorrect, locate crossed connections - generator
terminals 'Tl1, T2, T3, or ground power unit, or
Eintigtor3terminals 243K2 L11, Llz2, L13
, , L3,

Mow check the contactor control by:

¥Wihen proper voltages and phasing are present at terminals
L11, L12°, L13 - LI, ,L2,L3 - contactor 243KZ2

ggecg for 24 vdc and ground at x -~ y - coil of contactor
3K2.
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[Rmmmmmm e APU: CONTACTOR CONTROL=-==========m===n- */

question('APU contactor voltage') = {nl,nl,’
Is there 24 vdc and ground at
X - y - coil of the contactor?',nl}.

legalvals('APU contactor voltage') = ['yes',K 'no'].
rule-5: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-volt-rig = 'voltages correct'

and 'agu phase rotation'
and 'AtU contactor voltage' i
ther. elect-prob-cause = 'APU malfunction - faulty CONTACTOR'.

ruie-6: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-volt-rdg = 'voltages correct!'
and 'apu phase rotation'
arnd not('APU contactor volta%e') )
and 'battery voltage' = 'battery voltage is good'
an display%[nl,nl,' o
If {cu are sure that the voltage or ground is incorrect
fault isolate using a meter and Al-H46AE-WDM-000 - WP 004 00
or Al-H45AE-WDM-010 - WP 004 00.',nl])

then elect-prob-cause = o
‘APU malfunction - CONTACTOR and/or wiring faulty'.

guestion('battery voltage') = [nl,'
CHECK THE BATTERY!

what is the battery voltage?'].

legalvals('battera voltage') = ['battery voltage is good',
‘battery is weak'].

rule-7: if apu~-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'

and apu-volt-rdg = ‘'voltages correct!'

and 'apu phase rotation'

and not('APU contactor voltage’) )

ard 'kbattery voltage' = 'batfery is weak!'

and display{[nl,nl,‘ _

Remember: A good troubleshocter always verifies that the

Lattery is gocd before doingy these checks! _

Get a gcod battery and begin tro sleshooting again!',nl,nl,nl})
then elect-proc-cause =

WEAK BATTERY'.

rule-8: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-volt-rdg = 'voltages correct!'
and 'apu phase rotation'
and not('APU contactor voltage')
e

h CH AN TR TR RTFRTRTY TF TS TS L ]

and 'battery voltage' = 'batfery voltage is good'

and 'APU switch control' = 'continuity good!
then elect-prob-cause = 'APU switch control transfer unit faulty'.
A APU: SWITCH CONTROL=-===-=-===cceccmnacccas */
whenfound('apu phase rotation' = 'yes'

and 'centactor voltage' = 'no' )

and 'cattery voltage™ = 'battery voltage is good') =

ais 1a{([nl,' _ )
With all electrical power OFF the helicopter,
check tne_contlnuiiy of ground power/APU power S5243S2.
fiith switch a &P ower,
read continuity between pins )
.7 and W, S and U of connector 243Pl of the transfer unit.
With switch at GRD PWR,
read continuitY between pins 2 and W, and T and U of
connector 243P1.']).
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rule-9: if apu- Sys=- symptom = 'APU CN-ESS BUS + DC BUS LTS ON'
and apu- -volt-rdg = ‘voltages correct’
and 'apu phase rotation'
ang not('APU contactor volta )
and 'kattery voltage' = 'bat voltage 1is good'
and 'APU switch contro; = 'con inuity bad’
and display([nl,'
If coqtlnulty s incorrect:

fault isolate switch or wiring using a meter and
Al-H46AE-WDH-OCC - WP 004 GO
cr AL-H46AE-WLH-0.0 - WP 004 00.',nl,nl,nli)

then elect- p*ob cause = 'APU swltch ‘control continuity defective'.

jFomm—— e PU: PMG OUTPUT-==-==m-mmmmmeeeann- */

question('APU PMG output') = [!
What is the value of the voltage
at the voltage regulator plug
243P2 between pins A
and ground?

Enter a number between 0 and 40.°,nll.
legalvals('APU PXG output') = number(0,b40).

rule-1C: 1if aDu sys- s;w tom = 'APU ON-ESS BUS F DC BUS LTS CON!
and ao‘-vc t- rug cltages missing or low
and 'APU PMG o put‘ = ¥
ard X < 35
and disglav( nl,nl,

’ ‘

Y04 jus entered a value less than 38 vac.
If you are suve that the veitage is less than 38 vac,
replace the APU ,“L,nl
then elect-prob- cause = 'APU PMG output incorrect - CEFECTIVE APU',

rula-il: if apu-sys- symptom = 'APU ON-£SS BUS + DC BUS LTS ON'
and apu-veolt-rdg = 'voltages missing or lcw!
ard 'aprU PMJ oulput' = X
ard ¥ »>= 338
Anc X <= 4C
nd displav({nl,
Tou Just entered
normal.
Feplace the voltage reguiator.' . nl,nlj)

then slect-prob-cause =
2FU PMG output incorrect - DEFECTIVE VOLTAGE REGULATCR'.

H
’

nl
2 voltage between 328 and 40 vac, which is

e R APU: FEEDER FAULT-=----=--=-c--nn- */

questl o“( 'APU feedar wires') = [nl,nl,’
Jc you rave:

1 Droper continulty AND

2. no shorts aliD

3. generator Post groundﬂd between

terminals?’' nl
legalvals('APU feader wlres‘) = {'yes','no'}.
rule-12: 1f apu-svs-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu- volt-rdg = 'on° or t 0 voltages = O

and 'APU feeder clres

and d*splay(‘nl al,

If you are sure _nat there 1s continuity, no shorts, and that
tne genarator pcst is grounced, then

tnere dces not seem te be a roblem here!',nl, nl])

her. elect-prch-cause = 'UNKNOWN NOT PROGRAMMED YET .
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rule-13: if apu-sys-symptom = 'APU CN-ESS BUS + DC BUS LTS ol
and apu-volt-rdg = 'one or two veltages = '
and not('aPU feeder wires')
and display('nl, ni,' . '
Locate and repalr discrepant wire or connecticn.

If cpen exists inside AFJ generator remove and replace AFU.',nl,nl})

then elect-prcb-cause = 'Generator Feeder Wires faulty'.

JAEEEEEEEEP TP APU: APU OPERATING, GEOUND POWER/APU ON
H0.2 DC BUS LIGHT OM-=-==-==<-remauccnan- */

whenfound(apu-srs-symptem =
'SFT CN-GRD PWR/Z:U 0!, No.2 DC BUS LT ON') =
display(firl,' . . ,
Chzck ror 28 vdc at Ne.2 DT BUS in right hand junction
box.' ,n%j;.
guestion('aPU DC EUS voltage') = [!
Is the vcltage 28 vdc at the No.2 DC BUS
in the right hand junction box?' ,nll.
legalvals('APU DC BUS voltage') = ['yes', 'no'].
whenfound( 'APU UZ 3US voltage' = 'no’)
display{[ni,nl, ' ) . '
If you are sure that the voltage is not 28 vdc,
now yvou must chieck for 28 wvdc at x1 at DC CROSS TIE CONTACTOR
1E1KS.
If 28 vdc is present check ground wiring.',nl,nl]).
rule-14: if agpu-sys-symptom =
"APU ON-CRD PWR/APU ON, Mo.2 DC BUS LT ON'
anc. 'APU DC BUS voltage' = ‘no!
and 'DC CRCSS TIE CCHTACTOR voltage!
ard 'ground wWiring correct!
then elect-prcb~cause = 'AP” DC CROSS TIE CONTACTOR defective',
whenfound('ARU DC BUS voltage' = ‘'yes') =
displav(inl, nl,: '
If vou are sure that the voltage is 28 vdc,
0w you must check for 28 vdc at X2 of BEUS FAIL RELAY
15:8
If 28 vdc is present check ground wiring.',nl,nlj).
guestion('DC CRCSS TIE CONTACTOR voltage') = [nl,'
Is the voltage zZ2 vdc at X1 at the
DC CROSS TIE CCHTACIOR?',nl].

legalvals('DC CROSS TIE CONTACIOR voltage') = ['ves',k 'no'].

guestion('ground wiring correct') = [

Is the ground wiring ccrrect?', nl].
iegalvals{'ground wiring correct') = ['yes',6 'no'].
rule-:>: 1f apu~sys-symptom =

APU Cli-3RD PWR/APU TN, No.2 CC BUS LT CN!

ard 'A*U DC BUS voltage' = 'yes'

an< 'BUS FAIL RELAY voltage‘

and 'ground wiring correct’ .
than elect-prob-cause = 'APU BUS FAIL RELAY defective',
giesticn('BUS FAIL RELAY voltage') = ['

Is the voltage 28 vdc at X2 at the

EUS FAIL RELAY?',nl}.
legalvals('BUS F3IL RELAY voltage') = [‘yes',6 'no'].
rule-15: if apu-sys-symptom =

"APY CN-GRZ PWR/APU CN, No.2 DC BUS LT ON'

arnd 'APU DC EUS voltage' = 'no' .

and not('CC TRCS3 TIE CCHTACTOR voltage')
tren elect-prob-cause = 'APU DC CROSS TIE RELAY defective'.

b




rule-17: if ap Sys- symptom =
“AFPU O!N-GR D P /APU 0¥, No.2 DC BUS LT ciI!
and 'aru LZ Bd\ v0¢tage = yes!'
and rot{'BJS FAIL nELn{ voltage')

tihen elec:—ytob cause = 'APU DC CRCSS TIE RELAY defective'.
[T APU: APU OPERATING GROUND PWR/2APU ON BOTH
DC BUS LIGHTS OM--=--=---==ec=meeoaaooo- */

whe found(qo“-szs-cynptom =
Ul pe a ting G Ground PWR/ZPU ON Both DT Lights ON') =

» ( .L .

cx fer 23 vde at the transformer rectifier relay terminal

1‘\
1

=stion( trans rect relay voltage') = [nl,'

Is the voltage at the transformer

rectifier relay terminal A2 = 28 vdc?'].
lvals('trans rect relay wvoltage') = ['yes',6 'no'].

niocuad{'trans rect relay voltage' = 'yes') =
<
splay

" '
sad

. ,"‘...,n.x

la
:q ars sure that the voltage is 28 vdc,
ac ’“la{ L51K7, tlhen
Ck the voltage of terminal A2 of relay 161K7.',nl,nl}).
nfound«'trans rect relay wvoltage' = 'no‘)
lisplay({nl,'
£ you are sure <hat tne voltage is not 28 vdc,
ault isolate wlz-n? cransformer rectifier, and
nput wiring.',nl,nl-)
questicn('A2 voltage') = [nl

is the voltszze at termlnal A2

of relay 161R7 correct?'],

legalvals('A2 voltage') = ['yes', 'no'].
rul=-13: if apu-svs-svmptom =

,1
(1]

I' P..Fl(‘

'APU Operating urﬂun PWR/%PU ON Both DC Lights ON'
and 'trans rect relay voltage'
and 'A2 "o‘taﬁe

then elect-prob-cause = o
‘Relay {61K7 in APU transformer rectifier defective
rule-19: if apu-sys-symptom =
"AZU Spearating Ground PWR/APU ON Both DC Lights ON!
and not.'trans rect r°7a voltage') .
then elact-preob-cause = U transformer rectifier defective!'

//-‘rwx*?n**kr**:‘ck* END OF APU ELECTRICAL MODULE *****************/
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UTILITY POWER SYSTEM **rskiskiskikksikinrsk /

goal = nydr-prob-cause.

automaticmenu(ALL).
enumneratedanswers(ALL).

presupposition(util-pwr-sys-svmptom) =
major-system = 'hLvdraulic® .
ard nydraulic-sub-system = 'Utility Power System'.

presuppositicn(util-press-ind-symptom) =
major-system = 'hydraulic!’ o o .
and hydraulic-sub-system = ‘'utility pressure indicating
systexn'.

question(util-pwr-sys-symptom) = [
What are the symgtoms of the problem?!',nl].

legalvals(util-pwr-sys-symptom) = [
"Handpump Cperation Difficult and Ineffective gFilling System)',
'Handpump C?eratlon Difficult and Ineffective Pressurizzng System)',
‘Pressure Fluctuates Between 0 and 2500 psi After APU Starts'
‘Accumulator Pressure Drops Off to Gas Precharge',
'APU Starts But Does Mot Accelerate -Runs 40-60% RPM',
'Zontinuous UTIL HYD HCT Warning Light',
'Fan Dces Not Operate’,
‘Fiuid Overheatlng‘,
"Accumulator Gas Precharge Bleeds Off',
"Low System Pressure -- Transmission Turning',
‘Power Supply Pressure Fluctuates',
"APJ Will Not Start',

‘Subsystems Not Racelving Pressure’,

'Unable to FPressurize Accumulator With Handpump',
'Reg2ated Extension of Fi_ter Contamination Indicators!',
'Hydraulic Chattering or High Frequency Vibrations in System'-,

UTILITY POWER SYSTEM SYMPTOM:
UMP OPERATICN DIFFICULT AND INEFFECTIVE (FILLING

whenfound(util-pwr-sys-symptom = . o

‘Handpﬁép ﬁperatlon 1fficult and Ineffective (Filling System)') =
display ([’
“he first check of this problem is:

Crieck trat the arrow on the check valve Egints toward the tee
above the depressurizing valve.',nl,nl,nlj).
gueztion(hand-pump-chk-valve) = [nl,'
¥hizh way 15 the arrow on the check
valve pointing:
“"tewards tee'! or 'away from tee!
above the depressurizing valve?'],
legalvals(hand-pump-ck-valve) = ['towards tee', 'away from tee'].
rule-l: if util-pwr-sys-symptom = ' .
‘Hancdpump Cpeiration Difficult and Ineffective (Filling System)!'
ara hand-pump-ck-valve = 'away from fee'
then hydr-prcb-cause =
‘Check ~alve installed backwards in tee above
deprassurizing valve ',
whenfound(hand-pump-ck-valve = 'towards tee') =
display({ni,nl ' . L
If you are sure that the check valve is installed properly in
the tee apcve the depressurizing valve, then:

check which way the arrow points on the check valve in the
becttom filler.',nl,nl,nll).
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rule-2: if util-pwr-sys-svmptom = . o
'Handpump Cperaticn Difficult and Ineffective (Filling System)'
and hand-punmp-ck-valve = 'towards tee'
and bottem-filler-ck-valve = 'towards filter!

then hydr-prcb-cause = o
‘Check valve 1instailed backwards in bottom of filler'.

cquestion{bettem-filler-ck-valve) = [!

which way is the arrow on the bottom

filler cnecx valve pointing:

“towards filter® cr "away from filter'?'].

legalvals(bottom-filler-ck-valve) = ['towards filter', 'away froem filter'].

whenfound(botten-£filler-ck-valve = 'awa~ “rom filter') =
display([nl, nl,' . _
If you are sure that the check valve 1s installed properly in
the tee above the depressurizing valve, and )
If you are sure that the check valve 1s installed properly in
the bottem filler, then:
check which way that the arrow points on the check
alve in the out port of the return filter.',nl,nl,nl]).
rule-3: if util-pwr-sys-symptom = ' _
‘Handpump Operation Difficult and Ineffective (Filling System)!'

and hand-punp-ck-valve = 'towards tee! _
and bocrtem-f1ller-ck-valve = ‘away from filter!'
and return~fiiter-ck-valve = 'towards filter!

then hydr-grob-cause = ' _
‘Check valve installed backwards in Out Port of Return Filter'.,
guestion(return-filter-ck-valve) = [!
Wwhich way is_the arrow on_the out port
of return filter check valve pointing:
"towards filter" or "away from filter"?'].
iegaivals(return-filter-ck-valve) = ['towards filter',
raway from filter'].
whenfound(return-£filter-ck-valve = 'away from filter') =
display([nl,nl ' o ,
If you are sure that the check valve 1s installed properly in
the tee atove the depressurizing valve, and .
If you are :zure that the check valve is installed properly in
the bottom fiiler, and o '
If you are sure that the check valve is installed properly in
the cut port cf the return filter, then:
check the DJepressurizing Valwve.',nl,nl,nl]).
rule~-4: if ut:il-pwr-sys-symptom = , o
‘Handpump Cperation Difficult and Ineffective (Filling System)'

and nand-pump-cx-valve = ‘towards tee'

and boticm-Iiller-ck-valve = 'away from filter'
and re:urn-filter-cik-valve = 'away from filter!'
and depress-valve = 'bad’

and displav(’nl,nl,’
r2place the LCesressurizing Valve using
Al~H3EAE-450-003, section WP 328 02.',nl,nl))
then bydr-prob-cause = 'Faulty Lepressurizing Valwve!',
guestion{depress-valve) = ('
s the depressurizing vaive
"cood'" cr ''bad’
2r nave you
"alrveady replaced” it?'].

egalvals(depress-valve) = ['good', 'bad', 'already replaced'].

\)l
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- rule-5: if util-pwr-sys-symptom = . '
1) 'Handpump Operation Difficult and Ineffective (Filling System)'
- and hand-pump-ck-valve = ‘towards tee! ‘
P and bottom-filler-ck-valve = 'away Zrom filter!'
and return-filter-ck-valve = 'away from filter'
and depress-valve = 'good'
™ or depress-valve = 'already replaced'
b and display({nl,nl,' o '
o If ycu are sure that the Dep;essurlzlng'Valve is "good", or
N if replacing_the Depressurizing Valve did not correct the
p probiem, replace the Handpump Using Al-H46AE-450-000,
- section WP 629 OO.',nl,n;?)
i then hycr-prob-cause = Faulty Handpump'.
> JE R UTILITY POWER SYSTEM SYMPTOMS:
O gggngMP OPERATION DIFFICULT AND INZFFECTIVE (PRESSURIZING/
~ SYsTeM,  eesecemca--- *

A
W bt

- -

whenfound(util-pwr-sys-symptom = ) .
‘Hiydpump f eration Difficult and Ineffective (Pressurizing System)') =
ispiav([" _ ‘
The first check of this problem is:
Checik the check valves in the tee in the reservoir suction line
at station 533, WL 44, _
Thezik the arrow at the side of the tee, and
check the arrcw on the valve at the bottom of the tee.',nl,nl,nl}).

%ugstion(res-suct-line-ck-valve) = [nl,'
YWnich way are the arrows on the

reservoir suction_line check

valves pointing?'].

legalvals(res-suct-line-ck-valve) = [

‘side tee arrow - away from tee, and bottom tee arrow - towards tee"
‘side tee arrow - towards tee, and bottom tee arrow - away from tee').

rule-6: if util-pwr-sys-symptom = . .
'Handpump Operation Difficult and Ineffective (Pressurizing System)'
and res-suct-line-ck-valve =
'side tee arrow - towards tee, and bottom tee arrow - away from tee'
or ves-suct-line-ck-valve = unknown

then hydr-prob-cause =
'Check valves are installed backwards in tee in reservoir
suction line at station 533, WL 44'.

whenfound(res-suct-line-ck-valve =
'side tee arrow - away from tee, and bottom tee arrow - towards tee') =

cisplay([' . .
IZ you are sure that the arrow at the side of the tee points
AHAY from the tee, and that the arrow on the valve at the
bottom of the tee points TOWARDS the tee, then:
Check for Air in the Utility Reservoir.',nl,nl,nl])}.
qgestion§air-in-util-res) = [al,'
Uid you find air in the utility
resarvoir?'].
lecgalvals(air-in-util-res) = ['yes','no'].
rule-7: if util-pwr-sys-symptom =

'Handpump Operation Difficult and Ineffective (Pressurizing System)'
and res-suct-line-ck-vaive =
'side tee arrow - away from tee, and bottcm tee arrow - towards tee'
and air-in-util-res = 'yes'
and cdisplay({nl,nl, ' ,
Bleed the Utility Reservoir using Al-H46AE-450-000,
section WP 013 00.',nl.nl,nl}) ~ .
then hydr-prob-causs = ‘Air in Utility Reservoir'.

92

S - P S o S o
l—,_\v“."-.x\-\.’"-"' ST AT

i o e o e e o P A K s



whenfound(air-in-util-res = 'no') =
display([' '
If you are sure that the check valves are properly installed in
the tee at the reservoir suction line, and
that there is no air in the utility reservoir, then:

1. Disconnect the line between the isolation manifold and the
package manifcld. , _

. Cap the isolation manifold and plug line.

. Operate the handgcump.',nl}).

GIN)

rule-€: if util-pwr-sys-symptom = )
'Handpunp Cpervatior Difficult and Ineffective (Pressurizing System)'
and res-suct-line~ck-valve =
'side tee arrow - awav from tee, and bottom tee arrow - towards tee"
and air-in-util-res =" 'no!’
and hand-pump-cps = ‘yes!

and d;srlavanl,nl,
ha

If the nd pump ogerates proparly, the package manifold is
faulty.',nl, nl, nl! ' _ o
then hydr-prob-cause = 'Faulty Relief Valve in Package Manifoid'.

questicn(hanc-pump-ops) = [nl,'
Lces the hLand pumc crerate properly?'l,
legalvals(hand-pump-ops) = ['ves','no'].
whenfound(hand-punp-cps = '‘no') =

. =<

displav(inl,nl nl,

If you are sure that the check valves are properly installed in
the tee at the reservoir suction line, angd

that there 1s ro air in the urility reservoir, and

that the hand pump dees nct operate properly, then:

Checi the Cepressurizing Valve, and
Check the reservoir for external damage.',nl,nl,nl}).

rule-9: if util-pwr-sys-symptom =
'Handpump Creration Difficult and Ineffective (Pressurizing Svstem;'
and res-suct-linz2-ck-valve =
'sid2 tee arrge - away from tee, and bottom tee arrow - towards tee
and air-in-utll-res =" ‘no’
and hand-pump-ops = 'no’
end depress-ivalve = ‘bad!
and res-ext-damage = 'no'

then hydr-prcb-cause = 'Faulty Depressurizing Valve'.

rule-1J: 1if util-pwr-s%f-s mptom = ,
'Handpump Cperation Difficult and Ineffective (Fressurizing System):
and rec-suct-line-ck-valve =
'side tee arrow - away from tee, and bottom tee arrcw - towards tes'
and air-in-util-res =" 'no'
and hand-pump-cps 'no'
and depress-valve ‘good'
or depress-valve ‘already replaced’
and res-ext-damage = 'no'
and display([nl,nl,"
If you are stre that the Depressurizing.Valve 1s "good", or
if replacing_the Depressurizing Valve did not corract the

problem, replacz the Handpump using Al1-H46AE-450-C03,
section WF 029 00.',nl,nlj)
then hydr-prob-cause = 'Faulty Handpump'.
guestion{res-ext-damage) = ['
s tiere any ev.dence of damage
on tne reservoir?'].

legalvals(res-ext-damage) = ['yes','no'].
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lecalvals{util-sys-press) = ['ves', 6 'no' .

rule-13: if util-pwr-sys-syrptem = ) L
‘Pressure Fluctuates Betw2an [ and 2300 gsi After APU Starcs'

ter-contam = 'no’ :

a1}
o
(la
ry
=

and util-sys-prass = 'no’
and displav(inl, nl,! 4
Since the 3vstem dld not nold pressire. you musST now: g
£ : .
Ll
3
)
.
.

i
14
*
<
D
i
3
b
1]
wn
a8
O
O
ot
po
-5
79

T

SR
Y
O oy
~
»
1)

2] I
-~
4]
ot
73
|
"

“he system 1s nct contaminated, and .
<r2 system dces hcld pressura, and -
ti2 agccurulator dees noid pressure, -
then o2 next -:oubleshco:;ng crocedure vou perform is .
L. Disccunect tre line frcem tre relilef walve, .
2. Cag cff tihe valve and plug lire. .

L. Cperate the AFU.
Thermg 1f tne Utility System pressure fluctuates, or not ®

= DISRESARD THIS PRCOCEDVERE IF TEZUESLESHOSTIN: <%

"Accumulater Pressure Drops C:If To Zas rprecharge. ,nl nll). -

SYsS- prnss-‘luc = 0
Utility Systen Dreseure £

Leqalvals(utll-sys-press-f;uct) = [ yes' 'nd' . .
rile-1%: 21f util-pwr-sys-symptom =

fressuve F-uc‘ua es Eetneen J and 2530 ps: After APU Starts

ard filte -contam = 'no!
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rule-19: if util-pwr-sys-symptom =
'Accumulator Pressure Drops Off to Gas Precharge®
and press-op-valve-leak = ‘no'
and accum-press = 'hold’
and display([ni,nl,' .
Replace Pressure-Operated Valve using Al-H46AE-450-000,
section WP 021 00.',nl,nl];
then hvdr-prob-cause = ‘Faulty Pressure-Operated Valve'.

wvhenfound(accum-press = 'drop off') =
disslav({[rl,nl,
If you are troubleshooting:
““Accumulater Pressure Drops 0f£f to Gas Precharge"
and if vou are sure that:
the Pressure-Op2rated Valve coes not leak, and
that the sccumulator pressure does "drop off",
the rext troucleshooting procedure is:
Remove the line to the manifold valve AUX PRESS port.
Cap the tee.
Pressurize the accumulator.
. Zheck for accumulator pressure "drop off" or "hold".',nl,nl]).
rule-2C: if util-pwr-sys-symptom =
'Accumulator Pressure Drops Off to Gas Precharge!

W

and press-op-valve-leak = 'no’
ar.Z accum-press = 'drop off!
aad ramp-manifold-accum-press-ck = 'heold'

and display([nl,nl,' , .
Replace Ramg and Door Control Manifold Valve using Al1-H46AE-110-000,
section WP (15 00.',nl,nl]) .

then hycr-prob-cause = 'Faulty Ramp and Door Control Manifold Valve',

question(ramp-manifcld-accum-press-ck) = {'
Does the accumulator "hold" or "drop off"
pressure?’'j.
legalvals(ramp-manifold-accum-press-ck) = ['hold','drop off'].
whegfound(raqp- anifold-accum-press-ck = 'drop cff') =
display([ni,nl, '
If you are sure that: . .
the the Pressure-Operated Valve is not leaking, and
tne accumu.ator dces hold pressure for the first check, and

the accumulator “drops off' pressure in the second check,

then the next troubleshooting procedure you perform is:

Check for APU Pump-Motor motoring with start switch OFF.',nl,nl]).
rule-21: if util-pwr-sys-symptcm =

'dccumulater Pressure Drops 0ff to Gas Precharge!

and press-cp-valve-leak = 'ro’

and accum-press = 'drcp off:

and ramp-manirold-accum-press-ck = 'drcp off!'

and apu-motoring = 'yes'

and dlspla{{[nl,nl,' _

Replace Solencid Operated Shutoff Valve using Al-H46AE-450-000,

section WP 021 CO0.',nl nl])
then hydr-prob-cause = 'Faulty Solenoid Operated Shutcff (Pilot) Valwve'.
questicn(apu-motoring) = [
Coes the APU motor with the start
switch OFF?'].

ilegalvals{apu-motoring) = {'yes', 'no'].
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whenfound(apu-motoring = 'no') =

display({nl,nl,'

If you are sure that: _ .
the the Pressure-Operated Valve is not leaking, and
the accumulator does hold pressure for the first check, and
the accumulator 'drcps off" pressure in the second check,
and the APU does not motor when the start switch is OFF,

then the next troubleshooting procedure you perform is:

Check for the pressure to drop off when depressurizing valve
is set to FULL.',nl,nl]).

rule-22: if util-pwr-sys-symptom =
‘Accumulator Pressure [rops Off to Gas Precharge'
and press-op-valve-leak = 'no’
and accum-press = 'drop off!'
and ramp-manifold-accum-~press-ck = 'drop off'
and apu-motoring = 'no'
and depress-valve-press-drop = 'drop off!
and_display({nl,nl ' )
Replace Controliable Check Valve using A1-H46AE-450-000,
section WP 022 00.',nl,nl])
then hydr-prob-cause = 'Faulty Controllable Check Valve'.

question(depress-valve-press-drop) = L'
Does the pressure "hold" or "drop off
when the depressurizing valve is set
to FULL?'].

legalvals(depress-valve-press-drop) = ['hold', 'drop off'].

whenfound(depress-valve-press-drop = 'hold') =
display([nl,’
you are sure that: . _
the the Pressure-Operated Valve is not leaking, and
the accumulator does hold pressure for the first check, and
the accumulator "drops off" pressure in the second check,
and the APU does not motor when the start switch is OFF, and
EheFBEEssure "holds'" when the depressurizing valve is set
o .
then the next troubleshooting procedure you perform is:
1. Disconnect line from shuttle valve to top cross between
high pressure relief valve and pressure line filter.
2. Cap the valve.
3. Plug line.
4. Pressurize the Accumulator.
Check for Accumulator pressure drop.',nl,nl]).

ruie-23: if util-pwr-sys-symptom =
‘Accumulator Pressure Drops Off to Gas Precharge!
and press-op-valve-leak = 'no'
and accum-press = 'drop off’
and ramp-manifold-accum-press-ck = 'drop off'
and apu-motoring = 'no'
and depress-valve-press-drop = 'hold'
and shuttle-valve-accum-press-ck = 'drop off'
and display(([nl,nl ' )
Keplace Shuttle Valve using A1-H46AE-450-000,
section WP 018 00.',nl,nl ?
then hydr-prob-cause = 'Faulty Controllable Check Valve'.

question(shuttle-valve-accum-press-ck) = [
Coes the accumulator pressure
“hoid" or “drop off"?'],

legaivals(shuttle-valve-accum-press-ck) = {'hold',k 'drop off'].

UTILITY POWER SYSTEM SYMPTOM:

APU STARTS BUT DOES NOT ACCELERATE (RUNS AT ABOUT
40 TO 60% RPM ~--- X/

whenfound(util-pwr-sys-symptom =
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‘APU_Starts But Does Not Accelerate -Runs 40-60% RPM') =
display([nl,' . .
The first check for this symptom is:

Watch the Ng Tachometer for engine cranking during APU start.

If trouble is on #1 Engine, sef SYS SELECT switch to ENG #1.
Check to see if the main engine cranks.',nl,nl,nl)}).

guestion(engine-crankin y = [
s the Englge cranking during
APU start?'j.

legalvals(engine~-cranking) = ['yes', 'no'].

rule-32: if util-pwr-sys-symptom =
'APU Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = ‘yes'
and display(inl,nl;',
Replace the main engine start valve using Al1-H46AE-220-000,
section WP 075 00.'.nl,nl]) . ,
then hydr-prob~cause = 'Faulty Main Engine Start Valve'.
whenfound(en%?ne-cranking = 'no') =
display([nl,' ) . ) i .
If you are sure that the main engine is NOT cranking during APU
start, the next check for this symptom is:

Check the Accumulator air charge and hydraulic
pressure.‘',nl,nl]).

question(accum-air-chrg-hydr-pres) = [
Is the Accumulator Air charge or the
Eydraulic Pressure Low?'].

legalvals(accum-air-chrg-nydr-pres) = ['yes’','no'].

rule-33: if util-pwr-sys-symptom =
'APU Starts But Loes Not Accelerate -Runs 40-60% RPM'
and engine-cranking = 'no'’
anc accum-air-chrg-hydr-pres = 'yes'
and dlsplayé[nl,n ,!
Dump the Hydraulic Pressure.
Check the gauge for proper air charge.
Racharge as necessary. ]
Handpump the accumulator to 3000 psi. Use Al-H46AE-450-000,
section WP 013 00.',nl,nl])
then hydr-prob-cause = .
'Accumulator Air Charge or Hydraulic Pressure is low',
whenfound(accum-air-chrg-hydr-pres = 'no’) =
display([nl,’ ] ) )
If you are sure that the main engine is NOT cranking during APU
start, and )
the Accumulator air charge and hydraulic pressure are good,
then the next check for this symptom is:

Check for the APU pump-motor cavitating and chattering during
APU start.',nl,nl]g.

?uestion(apu-cavitating) = [

s the APU cavitating and chattering

during start?'].

legalvals(apu-cavitating) = ['yes',6'no'].

rule-34: if util-pwr-sys-symptom =
'APU Starts But Does Not Accelerate -Runs 40-60% RPM'

and engine-cranking = 'no'
and accum-air-chrg-hydr-pres = 'no’
ana apu-cavitating = ‘'yes’

and display{{nl,nl,' )
Bleed air from svstem using Al-H46AE-450-000,
section WP 013 OO.',nl,nl]g

then hydr-prob-cause = 'Air in System'.

whenfecund(apu-cavitating = 'no') =
display([nl,'
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If you arg sure that the main engine is NOT cranking during APU
start, an

the Accumulator air.charge and h{draulic pressure are good, and
the APU pump-motor is not cavitating,

then the next check for this symptom is:

Inspect the contamination indicators on system filters. _
If extended, examine contents of filter bowl for contamination
caused by APU pump-motor failure.',nl,nl]).

rule-35: if util-pwr-sys-symptom =
'APU Starts But Does Not Accelerate -Runs 40-60% RPM'

and engine-cranking = 'rno!

and accum-air-chrg-hydr-pres = 'no'

and apu-cavitating = 'no'

and filter-contam = 'yes!

and dlspla%([nl,nl,' ) .

Replace AP umgamotor. Flush lines using Al1-H46AE-450-000,

section WP 013 .',nl,nl}])
then hydr-prob-cause = 'Faulty APU pump-motor'.
rule-36: if util-pwr-sys-symptom =

‘APU Starts But Does Not Accelerate =-Runs 40-60% RPM'

and engine-c¢ranking = ‘no'

and accum-a;r-cbrg-hydr-Qres = 'no'

arnd apu-cavitating = 'no

and filter-contam = 'no!

and pump-motor-press = ‘'yes'

ana dlsplag([nl,nl,‘ ' )

Replace AP umgamotor. Flush lines using Al1-H46AE-450-00C0,

section WP 013 .',nl,n%})
then hydr-prob-cause = 'Faulty APU pump-motor’.
question(pump-motor-press) = [’
Are pressures excessive in either the
motor mode, or pumping mode?'].
legalvals(pump-motor-press) = ['yes',6'no'],
whenfound(pump~-motor-press = 'no') =
display((nl, - | |
If you are sure that the main engine is NOT cranking during APU
start, and ‘ .
the Accumulator alr‘charge and hydraulic pressure are good, and
the APU pump-motor is not cavitating,
the APU 1s not contaminated, and )
tge pump mode and motor mode pressures are not excessive,
then:
gggugéeshooting the APU using Al-H46AE-400-000, section WP
2 .

After you have done that the next check for the Utility Power
System 1is:
y1. Disconnect the line from the aft end of High Pressure
Relief Valve.

2. Plug line. .

3. Cap the valve fitting.

4. Operate the APU. _

5 Check for APU acceleration.',nl,nl]).

guestion(apu-accel) = [

Does the APU accelerate?'].

l2galvals(apu~accel) = ['yes',6 'no'].

rule-37: if util-pwr-sys-symptom =
'APJ Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranlking = 'no‘

and accum-air-chrg-hydr-pres = 'no'
and apu-cavitating = 'no'’

and filter-contam = 'no'

and pump-motor-press = 'no’

and apu-accel = '{es'

and display({nl,nl,'

Replace High Pressure Relif Valve using Al-H46AE-450-000,
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‘5 section WP 031 00.',nl,nl])
e then hydr-prob-cause = 'High Pressure Relief Valve Leaking'.
! whenfound(apu-accel = 'no') =
W display([nl,' . . '

If you are sure that the main engine is NOT cranking during APU
' start, and _
. the Accumulatoer air.charge and hzdraullc pressure are good, and
e the APU pump-motor 1s not cavitating,
x the APU is not contaminated, and )
}' the pump mode and motor mode pressures are not excessive, and
y 'cu nave troubleshot the APU, and

he APU does not accelerate, then:

1. Discoennect the line from the aft end of the manifold.
- 2. Plug line. | .
" 3. Cap the manifold port fitting.
N 3. Operate the APU.
N 4. Cneck for APU acceleration.',nl,nl]).
rule-38: if util-pwr-sys-symptom =

'APU Starts 3ut Does Not Accelerate -Runs 40-60% RPM'

and engine-cranking = 'no!

and accum-a;r-cbrg-hydr-Qres = 'no'
< and apu-cavitating = 'no
y and filter-contam = 'no'
.. and pump-motor-press = 'no'
- and apu-accel = 'no'
- and man-apu-accel = 'yes'

and display{{nl,nl,'

Replace lManirtold u51n? Al-H46AE-450-000,
- section WP 030 00.',nl,nl] ) _
then hydr-prob-cause = 'Utility System Package Manifold Leaking'.
question({man~apu-accel) = [’
- Dees the APU accelerate?'].

- legalvals(man-apu-accel) = ['yes’, 'no'].

rule-39: if util-pwr-sys-symptom =
'APU Starts But Does Not Accslerate -Runs 40-60% RPM'

. and engine-cranking = 'no!

K and accum-air-chrg-hydr-pres = 'no'

) and awu-cavitating = 'no’
o and filter-contam = 'no'

. and pump-motor-press = ‘no‘

. and apu-accel = 'no'

- and man-apu-accel = 'no'
v and displav([rl,nl,' )

v, Sorry, this situation is b%ﬁsnd the scope of this Program.',nl,nl-)
. then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

-

0y [Emmmmmm e me UTILITY POWER SYSTEM SYMPTOM:

- CONTINUOUS UTIL HYD HOT WARNING LIGHT ---- %/
. whenfound(util- wr-s§§-s tom = ,

A '‘Continuous UTIL HYD HOT Warning Light') =

b display({nl,' ' .
N The first check for this symptom 1is:

) Perform functional test of thermal switch, usin

; Al1-H46AE-450-000, section WP (24 €O, para. 10.',nl,nl,nl}).

?uestion(therm-switch) = ['

. s the Thermal Switch operating

. properly?'].

v legalvals(therm-switch) = ['yes',6 ‘no'].

a rule-40: if util-pwr-s&s-s mptom =

> ‘Continuous UTIL HYD HOT Warning Light'

: and therm-switch = 'no' '

then hydr-prob-cause = 'Faulty Thermal Switch'.
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whenfound(therm-switch = 'yes') =

display{{nl,' ) i
If you are sure that the Thermal Switch is cperating properly, then
the next check for this symptom is:

ibort this consultation (Ctrl-A and "yes'"), and start again
selecting the trouble symptom:

“"Fluid Overheating" and troubleshoot as directed.',nl,nl]).

rule-41l: if util-pwr-svs-symptom =
*Continuous UTIL HYD HOT Warning Light!'

and therm-switch = 'yes' .
then hydr-orob-cause = 'Fluid overheating'.
e UTILITY POWER SYSTEM SYMPTOM:
FAN DOZS NOT OPERATE ce== */

whenfound(util-pwr-sys-symptom =
'Fan [oces Not Operate') =
display([nl.' .
The first check for this symptom is:

Check UT RYD SYS BLO, circuit breakers for 115 vac on
pins A, B, and C of 085P2.',nl,nl,nl]).

guestion(blower-cb) = [

Is tnere 115 vac on pins A,B,C
of <he Utality dydraulic System
Blower? '},

i12galvals(blower-cb) = ['C/Bs are out', 'Yes, but no fan',
'‘Ho voltage present'].
rule-42: if util-pwr-sys-symptom =

'Fan Dces Mot Operate'

and blower-cb = 'C/Bs are out'

and display([nl,' . )

Reset tne UT HYD SYS BLO circuit breakers.',nl,nl})
then hLydr-prob-cause = 'No AC electrical power - Circuit Breakers Out'.
rule-43: 1f util-pwr-sys-symptom =

'Fan Does Mot Operate’

and blower-cb = 'No voltage present'

and display{[nl,' ) .

Repalr or replace the wirin uSLng

Al-H162E-420-000, section WP 009 J0.',nl,nl])
then hydr-prob-cause = 'Faulty Wiring'.
rule-44: 1if util-pwr~sys-symptom =

‘ran Does Not Operate'

ard blover-cb = 'Yes, but no fan'

and display{(inl.'

Replace the fan using

Al-H45AE-420-000, section WP 024 00.',nl,nl})

then hydr-prcb-cause = 'Faulty fan',
[Fmmmm e eaaa UTILITY POWER SYSTEM SYMPTCM:
FLUID OVERHEATING ---= %/

whenfound(util-pwr-sys-symptom =
'Fluid Overheating') =
displav([nl," ) .
The first thing to do_is abort this consultation (Ctrl-A and "yes"),
and restart the consultation choosin% the symptom:
"Fan Does Not Operate'" and troubleshoot as directed.

The next check after you have troubleshot the above symptom is:
Inspect the cooler for obstructions.',nl,nl,nl]).
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question(cooler-obstr) = ['

are thers any obstructions in the
cooler, like rags, tools, dead
buzzards?'].

legalvals(cooler-obstr) = ['yes',b 'no'].

rule-45: if util-pwr-sys-symptom =
'Fluid Overheating'
and cooler-obstr = 'yes'
then hydr-prob-cause = 'Cooler Air Intake Clogged'.
rule-46: if util-pwr-sys-symptom =
'Flzuid Overheating!'
and c¢ooler-obstr = ‘'no'
and line-chatter = 'yes!
and display([ni,nl,' ) i
Slezed system at the cocler bleed plug and reservoir bleed plug using
Al-H45AE-450-0C0, section WP 013 00.7,nl,nl])
then avdr-prob-cause = 'Air Locked in Cooler'.

8uestion(line-chatt¢r) = [
an you hear any "line chatter"”
wlen tile system is operating?'].

iegalvals(line-chatter) = ['yes',6'no'].

waenfound(line-chatter = ‘no') =
display(inl,’ )
If ycu are sure that the Fan is OK, and
there are not cbstructions in the Cooler Air Intake, and
there 1s no line chatter, then:

Check for temperature rise from pressure to return lines of
suspacted leaking components if internal leakage is not
audible. The system must be pressurized to 3000 psi for
this check.' ,nl,nl]).

rule-47: if util-pwr-sys-symptom =
‘Fluid Overheating'

and cooler-obstr = 'no'
and line-chatter = 'no'
and irnternal-sys-temp = 'yes'
then hydr-prob-cause = 'Intérnal System Leakage'.

$uestion(internal—sys-temp) = [
Is there a temperature rise from the
pressure to the return lines of the
suspected leaking components?‘].
legalvals(internal-sys-temp) = ['yes','no'].
whenfound(internal-sys-temp = 'no') =
display([nl,! .
If you are sure that the Fan is OK, and

there are not obstructions in the Cooler Air Intake, and
there 1s no line chatter, and

there 1s no temperature rise from the pressure to return lines, then:

Check the reservoir piston rod for actual volume of fluid
in the tank.',nl,ni]).

rule-43: if util-pwr-sys-symptom =
'fluid Overheating!'

and ccoler-cbstr = 'no’
and line-chatter = 'no!
ard internal-sys-temp = 'no!
and res-fluid-ivl = " low!'
then hydr-prob-cause = ‘Low Fluid Level'.

cuestlon(res-fluld-lvl; = [

Wihat 1 the fluid level in the

ra2servoirz'].
legalvals{res-fluid-ivl) = ['normal’,'low'].
ruie-49: 1f util-pwr-sys-symptom =
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'Fluid Qverheating'

and cooler-opstr = 'no'

and line-chatter = 'no'

and internal-sys-temp = 'no!'

and res-fluig-lvl = "normal’

and display([nl,nl,' .

Scrrv, this situation is beyond the scope of this Program.‘,nl,nl})
then Lydr-prob-cause = 'UNKNCWN - NOT PROGRAMMED YET'.

UTILITY POWER SYSTEM SYMPTOM:
ACCUMULATOR GAS PRECHARGE BLEEDS OFF

whenfound(util-pwr-sys-symptcm =
’Accumu&ator Gas Precgg?ge Bleeds Off') =
display([nl,' .
The first check of this symptom is:

Apolg a mild scap and water solution to fittings,
Watch for bubbles indicating leakage.',nl,nl,nl}).

question(fittings-bubbles) = [!
are there any bubbles forming
arourd the fittings?'].

legalvals(fittings-bubbles) = ['yes', 'no'].

rule-50: 1if util-pwr-svs-sym%tom =
"Accumulator Gas Precharge Bleeds Off'
and fittings-bubbles = Tyes'
and display{[nl,nl,' _ _ o
Lubricate all male fitt;ngs (sounds erotic, huh?). Use antiseize
compound. Teorque all fittings and line using Al-H46AE-GAI-C00.
section WP 003 0G.',nl,nl}) ) )

then hydr-prob-cause = 'Leakage Through Line or Component Fittings'.

whenfeund(fittings-bubbles = 'no') =
display([nl,' o
If you are sure that no bubbles formed around any of the fittings,
then thne next check is:

Tesi t?e)accumulator using Al1-H46AE-450-000, section WP 049 00.
‘,nl,nll).

question(accum~-test) = ['
Did the Accumulator test ''good"
or "badi?'j.

legalvals(accum-test) = ['good','bad'].

rule-51: if util-pwr-sys-symptom =
'Accumulator Gas Precharge Bleeds Off'
and fittings-bubbles = Tno!
and accum-fest = 'bad!
and dlsplaK([nl,nl,' )
kepair or Replace the Accumulator using
Al-H46AE-450-000, section WP 023 00.',nl,nl])
then hydr-prob-cause = !'Accumulator Leaks Internally’.

rule-52: if util—pwr-s%s-sym tom =
'Accumulator Gas Precharge Bleeds Off'

and fittings-bubbles = Tno!
and accum-fest = 'good'
and disilay([nl,nl,'

Sorry, this situation is beyond the scope of this Program.‘,nl,nl])
then hydr-prob-cause = 'UNKNOWN -~ NOT PROGRAMMED YET'.

UTILITY POWER SYSTEM SYMPTOM:
LOW SYSTEM PRESSURE -- TRANSMISSION TURNING
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whenfound(util-pwr-sys-symptom = )
'Low System Pressure -=- Transmisslon Turning') =
display([nl,' ' .
The first check of this symptom is:
Check the valve pointer for correct position.',nl,nl,nl]).
question(valve-pointer) = [
What 1s the position of the

Cepressurizing valve pointer:
"NORM" or "FILL"?'

legalvals{valve-pointar) = ['normal’','fill'].

rule-53: if util-pwr-sys-symptom =
'Low S{stem Pressure -- Transmission Turning'
and valve-pointer = 'fill!
and display([nl,nl,®
Turn valve to "NORM".',nl,nl]) )
then hydr-prokt-cause = 'Depressurizing Valve not Turned to NCRM'.

whenfound(valve-pointer = 'normal') =
display([nl,' _
If you are troubleshooting the symptom:

"Low System Pressure -- Transmission Turning", then ]
If you are sure tnat the valve pointer is in the NORM position, then
the next check of this symptom 1s:

Check system pressure at the accumulator pressure Eauge or with a
dlreqt-readlng Bressure gauge - Figs. 1 and 2, Al-H46AE-450-000,
section WP 00 0, p. 16.

If you are troubleshocting the symptom:
'"Unable to Pressurize Accumulator With Handpump, then
the next check is:
1. Energize the isolation manifold.
2. Pressurize system. . )
3. <Check for whether pressure can be maintained.',nl,nl,nl]).
question(sys-press) = é[
What is the direct-reading gauge
cressure?’].
legalvals{sys-press) = ['3000 psi', 'Below 32000 psi'].
rule-34: if util-pwr-sys-symptom =

‘Low System Pressure -- Transmission Turning'

and valve-pointer = 'normal’

and sys-gress = '3000 psi'

and dlsg ay({nl,nl,'

You Jjust entered "3000 psi", which means that the system pressure

is good, but the indicator 1is not indicating the pressure properly.
Troubleshoot the pressure indicating system.',6nl,nl])
then nydr-prob-cause = 'Faulty Pressure Transmitter or Indicator'.
whenfound({sys-press = 'Below 3000 psi') =
disciay((nl,’ _ L o
If you are sure that the valve pointer is in the NORM position, and
tggo direct-reading pressure on the Accumulator is above or below
3 psi, .
then the next check of this symptom is:

Inspect the pumg for blackening of metal plates, discoloration
of paint, or melting of cadmium plating.',nl,nl,nl-).

question(pumF) = [

Are any of the above symptoms

present on the pump?'].

legalvals(pump) = ['yes','no'].

rula-S5: if util-pwr-sys-symptom =
'Low System Pressure -- Transmission Turning'
and valve-pointer = 'normal’
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and sys-press = 'Eelow 3000 psi'
anc. pump = 'ves'
and display(inl,nl,'
Overneating iIs evident, replace pump.',nl,nll)
then hydr-prob-cause = 'Low Pump Output Pressure'.
whenfound(pump = 'no') =
dliplay(tni,' , o
If you are sure that the valve pointer is in the NCRM positien, and
the” direct-reading pressure on the Accumulator 1s above or below
3000 psi, and '
there 13 no evidence of the pump overheating,
then the next check of this symptom 1is:

Pressurize the system to 3000 psi, using a teststand.' , nl nl,nl:’.
guestion(teststanc-press) = [

Is 30C0 psi maintained, or does the
pressure bleed off?'].

legalvals(teststand-press) = ['3000 psi Maintained', ‘Bleed Cff'].

ri1ie-56: if util-pwr-sys-s%?ptom.= ) .
'Low System Pressure -~ Transmission Turning'

and valve-pcinter = 'normal'

and sys-press = ‘Below 3000 psi'

and pump = 'no'

and taststand-press = '3000 psi Maintained'

and display({nl,nl,' . , .
If the pressure is maintained at 3300 psi, replace the pump.' ni.n
then hydr-prob-cause = 'Low Pump Output Pressure',
whenfound(teststand-press = 'Bleed Cff') =
dlgplay(Lnl,' ' o o
Zf you are sure that the valve pointer 1s in the NORM pesitioern, and
the  direct-reading pressure on the Accumulator is above cr below
2060 psi, and .
there 1s no evicdence of the pump overheating, and
“he teststand pressure bleeds off,
then the next cneck of this symptom is:
Check the pressure with a direct-reading gauge installed using
Figs. 1 and 2, R1-H406AE-45C-0C0O, section WP 008 00, p. 16.',nl,nl.nlj}.
uesticn(dir-rdg-press) = [
What dces tihe direct-reading jauge
indicate?:].
legalvals(di{:rdg-press) = ['High Pressure', 'Low Pressure',

'Normal', 'Fluctuating Pressure'].
ruie-£7: 1f util-nur-sys-symptom =

)

v
J

fe

'Low System Pressure -~ Transmission Turning'
ard valve-pointer = 'normal'’

and sys-press = ‘Below 302J psi

and pumg = 'ne’

and teststand-nress = 'Bleed 2ff!

and dir-rdg-press = 'Low Pressure'’

and display:Tnl, nl.’ . 4

If the pressure indicated is low, replace the manifold.',nl,nl})
then hydr-prob-cause = 'Faulty Manifold Pressure Relief Valve'.
rule-38: if util-pwr-sys-szpp:om = )

Lcw System Pressure -- Transmission Turning'

&nc va.ve-pointer = 'normal'

and sys-press = 'Below 2300 psi' <

and pump = ‘no’ e
1 - - b 1

and teststand-press = 'Bleed Off

and dir-rdg-gress = 'High Pressure' )

cr dir-rdg-press = 'Normail'

or dir-rdg-press
and dasplay([nl,nl,' ,

If the pressure indicates High, Normal, or Fluctuating,
then trcucl2shoot

the Indicating System, or troubleshoot the symptom:

'Fluctuating Pressure'
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‘Pewer Supply Pressure Fluctuates”.' nl nll;
then nycr-prcb-cadsa = P CHECK ANCTHER STMPTOM'.

R CTIZITY PTWIR SYSTEM SVHRPTICHM:
POWEN SUPFLY FRISIURE FLUTTUATES ---- =/
S vy = -
. -

bE
“.-A& il yes ) tals ceasultation, and re-boot choocsing
NP e Lre InZicating 3vstem” to
R F regsure In ting System.
~t ng Svetem:
: s 1 and 2, Al-H4AAE-450-000,
3 T ).
S Lre ondl Normal, or fluctuatin?, then
SRR ol .. vstem, or troubleshcot the symptom:
- . y : uates'. ', nl, nl
N R K aNCTHEEZIR SYTMPIOM'.

iir-ridg-press = 'Normal') =

sure Indicating System is OK, and
pressure is normal, then

m 1S:

a

utl-owr-sys-symptom =

; Fluctuates'
¢s = 'Normel'
yijrpress = ‘bad’
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tiontrel-valv-crig-press) = [
toe Felief Valve Cracking Pressure
‘gocd" or "bad'?'’.

iegalvals{rel-valv-crkg-press) = ['good', 'bad'].

whenfound(rel-valv-crkg-press = 'good') =
display({nl,' )
Zf you are sure that the Pressure Indicating System is OK, and
that the direct-reading gauge pressure is normial, and
that the Rel:ef Valve Cracking Pressure is good, then
the next check ¢f this symptom is:
1. Disconnect the line from the aft end of the valve.
2. Plug the line,
3. Cap the valve fitting.
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legalvalstaccur-gas-chg) = [ ves' ,'nc j. .
rule-€3: 1f util-puwr-sys-svmptom = AT 111! a -
rule- l-pwr-sys-symphem ?U Will Not Start'
and ac prass-ck = yes’ -
and ac as-chg = 'no x“
and 4o vinlonl)!
Rechnar a szcumulater.',nl.nl})
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f vou are trcubleshooting the symptom:
"APU Will Not Start', ther

Zf you are sure that the Accumulator pressure is 3000 psi, and s
that the Accurulator has a progper air charge, then

the next check cf this symptom 1s: .
Cisconnect the plug - 126P5 from the pilot valve, B
Check for Z4 vd: ketween pins 2 and 3. e

If you are troubleshooting the symptom: :ﬁ
Unable to Pressurize Zzcumulator With Handpump', then ..
If you are sure that Accumulator has a proper gas charge, then

: K
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Check the Depressurizing Valve pointer position.',nl,nl,nl]).

uestion(plug-voltage) = [
?s there 54 vde between '
pins 2 and 3?';.

legalvals(plug-voitage) = ['yes',6 'no'].

b rule-64: if util-pwr-sys-sympsom = 'APU Will Mot Start' 1
) ard accum-gress-ck = 'yes'

and accum-gas-chg = ‘vyes'

and plug-voltage = 'no'

and displav( ni, ni,!

Correct improper :installation.

Check_agazi. If voltage still not present troubleshoot

the eleggrlcal systen using Al-H46AE-420-000, section WP 009 00.

,nl,nljs
then hydr-prob-cause = 'Check Valve Installed Backwards'.
X whenfound(nlug-voltage = 'yes') =
]

| display([nl, ) .
if vou are sure that the Accumulator pressure is 3000 psi, and
that tne Accumulator has a proper air charge, and
that the Check Valve is iastalled properly, then
the next checx of this symptom is:

If voltage is precent at the Check Valve from the last check,

‘ Cisconnect the APU signal line at the APU pump-motor.
Cap tie motor opening. . ) . .
Install a gauge exceeding 2000 psi capacity into the line.
Ogerate the APU start switch.
Note the gauge pressure.',nl,nl,nl]).

questior{gauge-press) = [!

b _- ey . .

Is tinere 5000 psi indicating on
the gauge?'].

legalvals(gauge-press) = ['yes','no'].
rule-55: if util-pwr-sys-symptom = 'APU Will Not Start'

[ SN 31 N7}

and accum-press-ck = 'yes'
and accum-gas-chg = 'yes'
. and plug-voltage ™= 'yes'
] and gauge-press = 'no!
and display((nl,nl,’ '
d If pressure 1s not read, replace the valve.',nl,nll) ) |
! then hydr-prob-cause = 'APU Start Sequence Pilot Valve Not Opening'. ,
[Fmmmm e UTILITY POWER SYSTEM SYMPTOM: ‘
SUBSYSTEMS NOT RECEIVING PRESSURE ~-—— % K
whenfound(util-pwr~sys-symptom = 'Subsystems Not Receiving Pressure') =

display([nl,"' , .

The first check of this symptom is:

Check the position of the Depressurizing Valve.',nl,nl,nl}).
rule-65: if util-pwr-sysis%Tptom = 'Subsystems Not Receiving Pressure'

ard valve-pointer = ‘£ill'

and dlsplayﬁ[nl,'

Turn the valve to NORM.', nl,nl])
then hydr-prob-cause = ‘Depressurizing Valve Turned to FILL'.

vwhenfound(valve-pointer = 'normal') =
display(([nl,' )
if you are troubleshooting the symptom: -
Subsystems Not Receiving Pressure', then )
If you are sure that the valve pointer is in the NORM position, then
the next cnecx of this symptom 1is:

Manually open the No.2 valve.
Check for pressure at the ramp control.

VIR SR

If you are troubleshooting the symptom:
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“Unable to Pressurize Accumulator With Handp. ', then
',nl,nl])
§uestion(ramp-ctrl-press) = [
s there pressure at the ramp and hatch
controls?'].

legalvals(ramp-ctrl-press) = ['yes',6'no'j.

rule-57: if util-pwr-sys-symptom = 'Subsystems Not Receiving Pressure'
and valve-pointer = ‘normal'
and ramp-ctrl-press = 'no’
and dis;lay\[ng(’

Rep%aci ghe Manifold, using A1-H46AE-450-000, section WP 030 0O.
',nl,n

then hydr-prob-cause =

‘Isolation lManifold No.l Valve Not Open When De-energized'.
whenfound(ramp-ctrl-press = 'yes') =

display([nl,’ . , L .

If ycu are sure that the valve pcinter is in the NORM position, and

that there 1s pressure at the ramp and hatch controis, then
the next check of this symptem is:

Check the Accumulator for gas precharge.', nl, nl]).

rule-638: if util-pwr-sys-symptom = 'Subsystems Mot Receiving Pressure'
and valve-pointer = 'normal'
and ramp-ctrl-press = ‘yes’
and ac:um-gas-chg = 'no

and display([nl, , .
Service the Accumulator using Al-H46AE-450-000, section WP Q013 00.

‘.nl,nll)
then hydr-prob-cause = 'No Accumulator Gas Precharge'.
rule-59: if util-pwr-sys-symptcm = 'Subsystems Not Receiving Pressure'
and va.ve-pointer = 'normal'
and remp-ctrl-press = 'yes'
anc accum-gas-chyg = 'yes'

and display([nl," | .
Scrry, this situation is b%%?nd the scage of this program.',nl,nl])
then hyér-prob-cause = 'UNKNCWN - NOT PROGRAMMED YET'.

[Fmmmmmm e UTILITY POWER SYSTEM SYMPTOM:
UNABLE TO PRESSURIZE ACCUMULATOR WITH HANDPUMP ===/

whenfound(util-pwr-sys-symptom =

‘Unable tc Pressurize Accumulator With Handpump') =

display({nl,’ ‘ .

The first check of this symptom 1is:

Check +“he Accumulator for a Gas Precharge.',nl,nl,nl]).
rule-70: if util-pwr-sys-symptom =

‘Ur.able to Pressurize Accurulator With Handpump'

ar.&d accum-gas-chg = 'no'

and display({rl,nl,"

Recharge the Accumulator.',nl nll)
then hydr-preb-cause = 'No Accumulator Gas Precharge'.
rule-71: 1f util-pwr-sys-symptcm =

'Unable to Pressurize Accunu.ator With Handpump'

and accum-gas-chg = Lyes;

and valve-pointer = 'fill'

ard displav((nl nl ',

Turn the Depressurizing Valve to NORM.' nl,nl])
then hydr-prob-cause = 'Depressurizing Valve at FILL',
cuestion(manifold-press) = :!

Is the pressure maintained?'].
iegalvalis(marifold-press) = ['yes', K ‘no'l.
rule-72: 1f util-gwr-sys-symptom =
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'Unable to Pressurize Accumulator With Handpump'

and accum-gas-chg = 'yes'
and valve-pointer = 'normal!
and manifold-press = 'yes'

and display([nl,nl,' _ _

If pressure can be maintained, this is an indication of a

leak downstream form tie manifold. Find the leak.',nl,nl])
then hydr-preb-cause = 'Leak in System'.
rule-73: if util-pwr-sys-svmptom =

‘Urable to Fressurize Accurulator With Handpump'

and accum-gas-cig = 'yes'
and valve-pointer = 'normal’
and manifold-press = 'no!

and display([(nl,nl ' i
Sorry, this situation is beyond the scope of this Program.',nl,nl])
then hydr-prob-cause = 'UNKNCWN - NOT PROGRAMMED YET'.

[Fommmmmmemea UTILITY POWER SYSTEM SYMPTOM:
REFEATED EXTENSION OF FILTER CONTAMINATION INDICATORS ---- */

whenfound(util-pwr-sys-symptom = )
'Repeated Extension of Filter Contamination Indicators') =
disglay({nl, .
Troub.eshooting procedures for this symptom are:

Inspect the filter elements for metallic matter.
If metal is present the first time:
~ chan¢e the Accumulator ancd flush the system. Then,
inspect the filter elements again.
If metal is present a second time:
. change the Utility Pump and flush the system. Then,
incpect the filter elements again.
If metal is present the third check: .
changethePump-motorand flush the APUlinesand system.',nl,nl]).

uestion(filter-elements) = [’
S there any metallic matter in
the filter elements?']
legalvals(filter-elements) = ['Yes, Metal present',6 'No Metal'].
ruie-74: if util-pyr-sys-%qutom = . } .
'Xepeated Extension of Filter Contamination Indicators'
and filcer-elements = 'Yes, Metal present'
then Liycdr-prob-cause =
'Faulty Accumulator, Utility Pump, and/or Pump-motor'.

rule-75: if util-pwr-sys-symptom = i ]
‘Repzated Extension of Filter Contamination Indicators'
anc filter-elements = 'No Matal'
and display{inl,nl, ' ' .
If you do not have any metal present in the filter elements
upon the first inspection, then the problem is beyond the
scope of this program.

If you have already changed the Accumulator and/or the Uti;ity Pump,
and there 1s not maetal present on subsequent inspections of the filter
elements, then problem is solved.’,nl,nl]

then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

JRmmmmmmemaae UTILITY POWER SYSTEM SYMPTOM:
HYDRAULIC CHATTERING CR HIGH FREQUENCY VIBRATIONS IN SYSTEM -- */

whenfound(util-pwr-sys-symptom = . . .
'Hydraulic Chattering or High Frequency Vibrations in System') =
displav([nl,' )
Ircublestiooting procedures for this symptom are:

1. Apply electrical power :o the helicopter.
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Set the ROTOR BRAKE switch to OFF.

Disccnnect pressure line from pump and plug port.
Pressurize system.

Use a teststand. )

Check for fluid flow from the pressure line.',nl,nl]).

uestion(press-line-fluid-flowi = [!
s there any hydraulic fluid flowing
from the pressure line?'].

legalvals{press-line-fluid-flow)

rule-76: if util-pwr-sys-symptom .
'"Hydraulic Chatter;n? or High Frequency Vibrations in System'
anc press-line-fluid-flow = fyes'
and_display({nl,nl, ' ,
Replace the éheck Valve using Al-KH46AE-450-000,
section WP 022 00.',nl,nl])
then hydr-prob-cause =
'Faulty Check Valve between Pump Pressure Outlet and Pressure Filter'.

rule-77: if util-pwr-sys-symptom = )
'"Hydraulic Chagterlng or ngh Frequency Vibrations in System'
and press-line-rluid-flow = no!'
and display([nl,nl,'
Sorry, this situatlon is beyond the scope of this Program.',nl,nl])
then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

GvUTD WD

['yes','no'].

/*k******** END OF UTILITY HYLDR POWER SYSTEM *******************k**/

JRARFARKFRK,  YTILITY PRESSURE INDICATING SYSTEM  Aikdkkkdkkddkhkhihk/

whenfound(hydraulic-sub-system =
'utility pressure indicating system') =
util-press-ind-symptom.

question(util-press-ind-symptom) = ['
What are the symptoms of the
problem (‘'gripe")?',nl].

legalvals(util-press-ind-symptom) =
| 'no indicator pointer movement',
pressure reading high or low!',
‘erratic or sluggish pointer movement'].

A CEEEEEE LY T UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS:
NO INDICATOR POINTER MOVEMENT = ====-=- */

whenfound(util-press-ind-symptom =
'r.0 indicator pointer movement') =
display([ni,nl, '
Check the HYDRAULIC BOOST PRESSURE UT
circuit breakers located on the cockpit overhead console.', nl,nl,nl]).

rule-78: if util-press-ind-symptom = 'no indicator pointer movement!'
and ‘'circuit breakers are out'
and display([(nl,nl,'
Ycu need to push in the HYDRAULIC BOOST PRESSURE UT
circuit breakers located on the cockpit overhead console,
cefore you can begin troubleshooting.',nl,nl})
then hydr-prob-cause = 'No AC electrical power'.

whenfound('circuit breakers are out' = '‘no') = g
display([nl,nl,nl,nl,’
If you have checked to make sure that the HYDRAULIC BOOST
PKESSURE UT citcuit breakers located on the
cockﬁxt overnead panel are in fact IN, now
cneck for 26 vac at pin B ¢f indicator plug and pin B of the
transmitter plug.
Check wiring continuity.',nl,nl,nl}).
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! rule-79: if util-press-ind-symptom = 'no indicator pointer movement'
and not('circuit breakers are out')
i anc ‘'connector or wiring continuity' = ‘bad!

ané display((nl,nl,' ,
Repair the wiring or the connector usin

S Al-H46AE-420-000, WP 004 00.',nl,nl,nl]
P then hydr-prob-cause = 'Faulty Wiring or Connector'.
- rule-30: if util-press~ind-symptom = 'no indicator pointer movement'
: and not{'circuit breakers ‘are out') .

N and 'connector Or wiring continuity' = 'good'

g and 'accum gauge press' = 'normal'

or 'accum gauge press' = 'nigh'
\ or ‘'accum Jauge press' = ‘'low! i
‘ or 'accum ?auge ress' = ‘'fluctuating'

and display([ni,nl,’ ) .

If the accumulator pressure gauges are reading normal, high,
sow, or fluctuating, . .

then the indicator 1s faulty. Replace the indicator using
ALl-H46AE~50C-000, WP 033 00.',nl,nl nl]) then hydr-prob-cause =
‘Faulty Flight Control Pressure Indicator'.

"\ uestion('accum gauge press') = [nl,nl,’
]

A )
l. I.l 4 e

, What are the accumulator pressure
gauges reading?',nl].
\ legalvals(’accum gauie press') =
S, 154 1 [ [ Iyt ! ]
['aigh ,'low', 'normal',” fluctuating', 'no pressure'].
whenfound('accum gauge press' = '‘no pressure') =
1

o display([nl,nl, L .
S If you are sure that the accumulator gauge pressure is indicating
. no prassure,

< you must row troubleshoot the hgdraulic Utility Power System using
. nl-H46AE~450-000, section WP 003 00.',nl,nl}]).
. rule-3i: if util-press-ind-symptom = 'no indicator pointer movement'
L. and not('circuit breaxers ‘are out')
and ‘cornector or wiring continuity' = 'good'
. and 'accum gauge press' = 'no pressure’
. then hydr-prob-cause =

‘No System Pressure - Hydraulic Utility Power System faulty'.

/*=--==UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS:
PRESSURE READING HIGH OR LW  ==w==- */

whenfound(util-press-ind-symptom =

‘pressure reading hign or low') =

display({nl,ni, ' . .

Tae first troubleshooting step is to:

Troubleshoot the pressure TRANSMITTER and INDICATOR.

Troubleshooting procedures for these two parts have not been
- prcgrammed yet.

Second troubleshooting step:
Check the wiring continuity.'.nl,nl]).
rule-22: if util-press-ind-symptom = ‘pressure reading high or low’

XM

. «_a
s"e'n’w

>
L.

P and 'wiring continuity' = “‘bad’
N and display({nl,nl,' _

Repair the wiring or the connector usin
) Al-H46AE~-42C-002, WP 004 OO.',nl,nl,nl}? ‘

then hydr-prob-cause = 'Faulty Wiring or Ground Connection'.

i\ rule-383: if util-press-ind-symptom = 'pressure reading high or low'
‘ and ‘wiring continuity' = 'good'

and dlsplagfénl,nl,' o o

Sorrv, CAD oes not know what the problem is if the wiring

continuity checks 'good".',nl,nl,n
then hLydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

[rommmm e UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS:
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SLUGGISH OR ERRATIC POINTER MOVEMENT

whenfound(util-press-ind-symptom =
‘erratic or sluggish pointer movement') =
displav({nl,nl,’ , ,
The first troubleshooting step is to:

TIrcubleshoot the pressure TRANSMITTER and INDICATOR.
Trcudbleshooting procedures for these two parts have not been
pregrammed yet,

Seccend troubleshcoting step:

Check the connectors for tightness, and
wiring for continuity.',nl,nl}).

rule-84: if util-press-ind-symptom =

'erratic or sluggish pointer movement' =

and 'connector tl%ntness and wiring continuity' = 'no'’

and display([nl,nl, !

Tighten the connectors.

Rerair the wiring, using

Al-H46AE-420-000, section WP 004 00.',nl,nl,nl}) )
then hydr-prob-cause = ‘Intermittent Short in Wiring Circuit'.
rule-35: if util-press-ind-symptom =

'erratic or sluggish pointer movement'

and 'connector ftightness and wiring continuity' = 'yes!'
then nydr-prob-cause =

'Fluctuating Pressure - Hydraulic Flight Control System’ cf 60.

[*RKkFKIARKRIKKKAR  END OF UTILITY SYSTEM MODULE  AAAkkkkkkkhkkskk /
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[FrkKkKRFIkk*  MAJOR SYSTEM: HYDRAULIC *Rxskikkskkdhskk®kkk ik
--------- EYDRAULIC SUB-SYSTEM:
FLIGHT CONTROL HYDRAULIC SYSTEM----------- =/

goal = hvdr-prob-cause.

autcmaticmenu(ALL).
enumerazedanswers(ALL).

presupposition(flt-ctrl-hydr-sys-symptom) =

major-system = 'hydraulic! _ _

and hydraulic-sub-system = 'flight control hydraulic system’.
presupposition(flt-ctrl-press-ind-symptom) =

major-system = 'hydraulic’

ani hydraulic-sub-system = _
"flight control pressure indicating system',

guestion(fit-ctrl-kydr-svs-symptom) = [
What are the symptoms of the problem?',nll.

legalvals(flt-ctrl-hydr-sys-symptom) =
'lew pressure-system no.l', 'low pressure-system no.2',
system no.l pressure £luctuates',
‘system {ic.2 pressure fluctuates',
'System No.l or No.2 Cannot Be Shut QOff',
‘Herdover Condition In Dual Extensible Links'].

/*----SVMFTOM: LOW PRESSURE SYSTEM NO.l-----==-=--v-- ~mee-- */

whenfound(flt-ctrl-hydr-sys-symptom = 'low pressure~system no.l') =
display([nl,* _
Pressurize system with a teststand. Check system for correct

pressure.’',nl ,nl]).

rule~1: if flt-ctrl-hydr-sys-symptom = 'low pressure-system no.l'
ard 'system pressure buildup is correct'
then aydr-prob-cause = ‘faulty pump’.

question('system pressure buildup is correct') =
inl,'Is the teststand pressure buildup correct?'].

legalvals{'system pressure buildup is correct') = [‘yes',6'no'].

whepfcund(‘s%Ftem pressure buildup is correct' = 'no') =
display([nl,"

If you are sure that the pressure buildup is correct using the
tes{s:and, now
Check the relief valve cracking pressure.',nl,nl]).
ruiz~2: if flt-ctrl-hydr-sys-symptom = 'low pressure-system no.l'
and 'relief valve cracking pressure low'
then hydr-prob-cause = 'relief valve opens at low pressure'.
quqstio%f'relief valve cracking pressure low') =
‘ni,nl,'

is the relief valve cracking at low pressure?', nl].
legalvals('relief valve cracking pressure low') = [‘yes','no'].

rule-3: if flt-ctrl-hydr-sys-symptom = 'low pressure-system no.l'
ara not('system pressure buildup is correct'
or not ('relief valve cracking pressure low'
and display/[nl,nl,6'Geez, I do not know what is wrong either!
It is not 1in the MIMS, cause I already looked.',nl])

then hydr-prob-cause = 'UNKNOWN',

- -



[Homemmman- SYMPTOM: LOW PRESSURE SYSTEM NO.2-===<--======-- */

whenfound(flt-ctrl-hydr~-sys-symptom = 'low pressure-system no.2') =
cisplay([nl ' _ _
connect a direct reading gauge to manifold. See Al-H46AE-450-
020, section wp 010 00, 'Fig. i and 2.
Check for correct pressure.',nl,nl}]).

rule-4: if flt-ctrl-hydrjigs-symptom = 'low pressure-system no.2'
. and 'dir rdc gauge manifold press' = 'low' )
then hycdr-preb-cause = 'faulty pressure reducing valve or relief valve in

package manifcld'.

guesticn('dir rdg gauge manifold press') = [nl,'
wWhat pressure s the direct reading
gauge indicazing at the manifold?',nl].

legalvals('dir rdg gauge manifold press') =

{ 'high ,'low', 'fluctuating'].

rule-5: if fit-ctrl-hydr-sys-symptom = 'low pressure-system no.2'
and 'dir rdg gauge manifold press' = 'high'
and dlsplay?[nl nl,'

Trcubleshoot utlliég system for low pressure,
using Al-H46AE-4850-000, section WP 008 00.',nl,nl])
then hydr-prob-cause = 'low utility system power supply'.

JAEEELEEE SYMPTOM: SYSTEM NO.l PRESSURE FLUCTUATES-----~- */

whenfourd(flt-ctrl-hydr-sys-symptom =
'system no.l pressure fluctuates') =
displav([nl," L .
Trcubleshoct the indicating system u51n?
Al-H403E-450-00C, section WP 011 00.',nl,nl}).

rule-c: 1if flit-ctrl-hydr-sys-symptom = ‘system no.l pressure fluctuates'
and 'feulty indicating system' .
then hydr-prob-cause = 'faulty indicating system'.

quastion('faulty indicating sxftem') = [nl,'

Joes the indicating system have problems?’', nl}.
legalvals( ' faulty indicating system') = {'yes', 'no'].
whenfound( ' faulty indicating system' = 'no') =

displilay([nl,' . .

if you have troubleshot the indicating system, and are sure

that it works properly, then:

Check system pressure with transmissions turning. Connect

a direct reading gauge to PRESS OUT port of sysiem no.l package
manifold.

Use A1-H464E-450-000, section WP 034 00.',nl,nl])}.

rule-7: if f£it-ctrl-hydr-sys-symptom = 'system no.l pressure fluctuates'
and 'manifold pressure'

then hydr-prob-cause = 'Faulty pump compensator’.

uestion('manifold pressure') = [nl,'

gges the direct reading ?auge indicate
filuctuation more than _+I100 psi, cor
cdrops below minimum gauge pressure?'].
legaivals('manifold pressure') = ['yes',6 'no'].
whenfound('manifold pressure' = 'no') =
display([nl,' .
Check the relief valve cracking pressure.' nl,nl]).
question(’'relief valve crkg press') = [nl,'
Is the relief valve cracking at the
correct pressure?'].

legalvals{'relief valve crkg press') = {'yes',k'no'].
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N rule-8: if flt-ctrl-hydr-sys-symptom = 'system no.l pressure fluctuates'

_and 'relief valve crxg press' = 'no'
then hydr-prob-cause = ‘faulty relief valve!'.
. whenfound('reli=f valve crkg press' = 'yes') =

dzspley{inl ' . .

Zheck vent filter and line for restrictions.'.nl,nij).
guestion('vent filter and line restricted') = ([nl,
) Is the vent filter and line restric:ed?’',nlj.

legalvals!{'vent filter and line restricted') = ['yes',k 'no'].

rule-2: 1f flt-ctrl-hydr-sys-symptom = 'system no.l pressure fluctuates'
and 'vent filter and line restricted! . ,
tiien nydr-prcdb-cause = ‘restricted air flow tnrough vent filter'.

-4

ruie-1G: If Ilt-ctrl-hydr-sys-symptom = ‘system no.l pressure fluctuates'
anc not{'faulty indicating systam')
and ‘relief va{ve crkg press
and net{'vent filter and line restricted')
and not!'manzfold pressure!')
and display(‘nl, nl.’
Serry.  Thls prcblem is beyond the scope of this
orocram.',nl, nl])
then hydr-prcb-cause = 'UNKNOWN - keep troubleshooting'.

1 VAREE LR EEEEEEEEEE FLT CTIRL SYMPTOMS: SYS MO.2 PRESSURE
FLUCTUATES--=-====--=-u-u- */

whenfound(flt-ctrl-hydr-sys-symptom = ‘system No.2 pressure fluctuates') =
display([nl,' oo . .
Troublesncot the indicating system, using
Al-H463Z-430-000, section WP U1l 00.',nl.nl]).

rule-11: if flt-ctrli-hydr-sys-symptom = 'system No.2 pressure fluctuates'
and 'faulty irndicating system’ '

then hydr-prob-cause = 'faulty indicating system'.

whenfound( ' faulty indxciting system' = '‘no') =

displav{[nl,ni,nl nl, oo '
If you have‘troubieshot the indicating system, and are sure
that it woriks properly, then:

> Connect a direct reading gauge to manifold. See Al1-H46AE-450-
S G0, section WP 010 GO, Fig. 1 and 2.
: Check fcr correct pressure.' .nl,nlj}.
rule-12: if flt-ctrl-hydr-sys-symptom = 'system No.2 pressure fluctuates'
and 'dir rdg gauge manifold press' = ‘'high’
. or ‘dir rdg gaugje manifold press' = 'low'
- then Lydr-proc-cause = 'faulty pressure reducing valve in
. rackige manifold',
. rula-13: if flt-ctrl-hydr-sys-symptom = 'system No.2 pressure fluctuates'
. and 'dir rdg gauge manifeld press' = ‘'fluctuating'
. and dlsplay?[nl,nl,nl '

Since you entered “fl&ctuating“ for the direct reading gauge
pressure check, now:

Troub.eshoot the utility system.' nl,nl nl})

e T, a ® 3 4

then hLydr-prob-cause = 'Utility system power supply fluctuating'.
P FLT CTRL SYMPTOMS: SYS NO.1 OR NO.2 CANMOT
' BE SHUT OFF~==-=====cccaccommomacencacomamaaaaas */

whenfourdi{flt-ctrl-hydr-sys-symptom =
'5ystem No.l or No.2 Cannot Ee Shut Off') =
display([nl,' ‘ _
Your first troubleshooting check will be:

Check for 28 vdc at pin 2 of module connector 033Pl.’',nl,nl]).
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?uestion(‘module connector voltage') = Inl,’
s 28 vdc present at pin_2 of the
module connector 033P17'].

legalvals('module connector voltage') ['yes','no'].
rule-14: if flt-ctrl-%gdr-sys-symptom =
‘System No.l or No.Z Cannot Be Shut Off!
and not('module connector voltage') .
then hydr-prob-cause = 'System No.l module pilot valve control
cilrcuits are open'.
whenfound('module connector voltage' = 'yes') =
display([rl,' ' '
Your next troubleshooting check will be:

Check for 28 vdc at pin A of package manifold plug
P765 - 033P2.',nl,nl€

guestion{'manifold glug P765 voltage') = [ni,'
Is 28 vdc present at pin A of the
package manifcld plug P765?'].
legalvals('manifold plug P765 voltage') = ['yes',6 'no'].
rule-15: if flt-ctri-hydr-sys-symptom = 'System No.l or
No.2 Cannot Re Shut Qff!
and 'module connector voltage!
and not{'manifold plug P765 voltage') )
then hydr-prob-cause = 'System No.2 package manifold solenoid
valve control circuit is open'.

whenfound('manifold plug P765 voltage' = 'yes') =
display([nl,' ) i
Tour next troubleshooting check will be:

Checx for continuity of ground circuit through opposite system
pressure sthch.',nl,nl}?.

3uestion('manifold solenoid ground') = [nl,'
Is there cont1nu1;¥ of the ¢round circuit
through the cpposite system pressure switch?'].

legalvals('manifcld solenoid ground’) = ['yes', 'no'].

rule-i5: if flt-ctr1-%¥dr-sys-symptom =

'System No.l or No.Z Cannot Be Shut Off'

and 'module connector voltage'

ar.d 'manifcld plug P765 voltage!'

and nct('manifold solenoid ground'g .
then hydr-prob-cause = 'Package Manifold Solenoid

valve ground circuit is opent'.
whenfcund('manifold solenoid ground' = ‘yes') =

display([nl,’ i ,

Zour next troubleshooting check will be:

With 28 vdc applied and ground circuit completed, the valve

should operate properly.’,nl,nl]).

question(‘manifold solenoid valve ogeration') = [nl,'
Does the module solenoid valve in the
Fackage manifold cperate properly?'].

legalvals('manifold solenoid valve operation') = ['yes',6 'no'].

rule-17: if flt-ctrl-hydr-sys-symptom =
‘sttem Mo.l or No.Z2 Cannot Be Shut Off'
and 'module connector voltage'

and 'manifold plug P765 volt ge!
and 'manifold solénoid ground )
and not('manifold solenoid valve operatirn’ .

then hydr-prob-cause = 'Faulty Package Manifold Module Sclenoid Valve'.
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rule-28: 1f flt-ctrl-hydr-sys-symptom =
Sys=em Mo.l or No.Z Cannot Ee Shut Off'
and mcdule connector woltage!
aad 'marifcid plug P7653 vol»age'
ina cmarniicid solencid ground
and 'manlrold zolenoid walve operation'’

. anL dispiav( nl,!

’ f#ll the cuzcas you did were good. '

” Sorry, tie probiem is beyond the scope of this program.',nl,nl])
- “her nLyvdr-prob-cause = 'UNKNOWN - not programmed yet'.

»

[>.’

ol Teesesccom-eme- FLT CIRL SYMPTOMS: HARDOVER CONDITICON

IN DUAL EXTENSIBLE LINKS==----c-n-m-=ceccmcoco- */

’ whanfound(£lt-ctrl-hydr-sys-symptom = .

. Hardover Cendition In Dual &xtensible Links') =
L display([nl,' . _ ) ,

s Che=ck tne Dual Extensible Links filter elements for evidence of
3 ¢ccatamination.',nl,nl]).
guestion('dual ext link filters[z = [nl,'

" are all tharee extensible link filter

N lazments contaminated?']

- legalvals('dual ext link filters') = ['yes',6 'no'j}.

"o rule-19; if flt-ctrl-hydr-sys-symptom =

- ‘Hardover Condition In Dual Extensible Links'

- arnd ‘dual ext link filters' .

then Lvdr-prob-cause = 'Contamination in affected system'.

)
B

-

- [FEERFEF HYDRAULIC SUB-SYSTEM:

:{ FLIGHT CONTROL PRESSURE INDICATING SYSTEM H*A#xrkikkkikirikik/
s

s

guestion(flt-ctrl-press-ind-symptom) = [
What are the symgtoms of the
problem ('gripe'}?',nl].

. legalvals/(flt-ctrl-press-ind-symptom) =
. T'indicator pointer doces not move', Lo i
‘low pressure indication', 'high pressure indication',
! ‘erratic or sluggish pointer movement'],

\-

- /7==~-FLIGHT CCNTROL PRESSURE INDICATING SYSTEM SYMPTOMS:
- INDICATOR POINTER DCES NOT MOVE ~  ===--

The following troubleshooting procedure '"Checking the HYDRAULIC

- BJLST PRESSURE Circuit Breakérs are in, is not cdnsidered a
N troubleshooting procedure by the NAESY tech reps. It is )
.- ccrmented out of this program. It appears here only because it
"~ tcox allot of programming work to put it in!! =-cc-ccceec--o---
- whenfound(flt-ctrl-press-ind-symptom =

e 'indicator pointer does not mcve') =

’ display([nl, nl, ' . ,

: Check the HYDRAULIC BOOST PRESSURE NO.l and ND.2 circuit
- breakers lccated on the cockpit overhead panel.',nl,nl,nl}).
>
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rule-24: if flt-ctrl-press-ind-symptom =
‘indicator pointer does not mcve!
and 'circuit breakers are out!
and disgley([nl,nl,"’
You need to push in the HYDRAULIC BCOST PRESSURE NO.1 and NO.2
circult breaxsrs located on the cockpit cverhead panel,
refore you can begin troubleshooting.', nl, nl
ther hycr-proc-cause = 'no AC elactrical pcower'.

guestion('circuit breakers are out') = [nl,' :
Are the rlight control pressure L
indicator clircult breaksrs out?' ,nlj. g
legalvals('circuit breakers are out') = ['yves','no'].====-=-- */
whenfound(flt-ctrl-press-ind-symptom =

‘indicator pointer dces not move') =

disolay({nl,nl,' ) ) i

The first troubleshooting check of this symptom is:

check for 26 vac at pin B of indicator socket and pin B of the

transmitter. .

Checr wiring continuity.',nl,nl,nl}).

rule-25: if flt-ctrl-press-ind-symptom = -
'indicatcr pointer does nct move! -
and 'cennector or wiring continuity' = 'bad’ :
and display({nl,nl,' . ..
Repair ihe wiring or the connector usin -
A1-H4<AE-420-000, WP GC4 00.',nl, nl, nl] .
then hydr-prob-cause = 'Faulty Wiring or Connector'.

uestiony{'connector or wiring cor.tinuity') = [nl,'
f either of these 1s '"kad" enter ''bad":
26 vac at pin B of the indicator
socket and pin B of transmi‘tter
OR
wiring continuity.
If both are 'good" ‘enter 'good".'}.

legalvals{‘connector or wiring continuity') = ['good', 'bad'].

whenfound('connecter or wiring continuity' = 'good') =
display([nl, nl,:’ .
If you are sure that the connector and that wiring
centinuity are both '"good", do the following:

check the gressure with a direct reading
gauge at the pressure transmitter.',nl,nl]).
rule~26: if flt-ctri-press-ind-symptom =
'indicator pointer does not move'
and 'connector or wiring continuity' = 'good!
and 'dir _rdg press' = 'normal’
and display{[nl,nl,' _ ) _
If the direct reading pressure at the transmitter is reading
normally, then the indicator is faulty. ~
Replace the indicator using Al1-H46AE-300-000, WP 012 00.',nl,nl,nl})
then hydr-prob-cause = 'Faulty Flight Control Pressure Indicator’. -

3uestion('dir.rdg press') = [nl,nl ' -
What is the direct geadlng.pressure g
at the transmitter indicating?',nl]. .

legalvals('dir rdg press

' =
[‘nigh‘,’low',‘normal','f{uctuating'].
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/*==---FLIGHT CCNTIROL PRESSUKRE INDICATING SYSTEM SYMPTOMS:
LCW PEESSURE INDICATION  ====-- */

-ctrl-gress-ind-symptom =

£
jox
(5
3
th
O
[l
3
~ b
rh
b4
T

oressure indication') =
é lay{{ni,ni ' _
C % “he readirg on the hydraulic system accumulators (direct
rz3ding gauges.. o . .
I€ <he arydrazlic accumulaters are indicating normal pressures in
the hylraulic gystems, then the 1ndicators or tae transmitters
zre faiity.' ona,n:j).
ruls-29: if fit-cirli-rress-ind-symptom= 'low pressure indicaticn'
and 'dir rdg prass’ = ‘nermal’
and displayl[nl nl o
If the divact reading cauge indicated normal pressure,
then reziace the indicater.’ ,nlj)
then "wyar-grob-cause =
"Faulty Lndicator or transmitter'.,
;T-~=~FLIGHT IONTRZL PRESSURE INDICATING SYSTEZM SYMPTOMS:
HICGH PRESSCURE IlDICATION mm=e=es */

.1gh pressure Indicaticn) =

display{ nl,al,’

The first troubleshosting step is to:
Trounleshoot the pressure TRANSMITTER and INDICATCR.
Compire zhe hvdraullic accunmulator pressure (direct reading
gauge, to the indicator. If the accurulators are reading
norTal pressure, then the indicators cr transmitter .s
faulty

Sacond troukbleshooting step:
(=3

Checx the wirirng ccntinuity.' ,nl,.nlj).
rule-3C: if flt-ctri-press-ind-symptom = ‘high pressure indication'
and 'wirlng coatinuity’ =  Dbad’
and Jdisplay{ al,ri,:
Fepaly the wiring using
R1-E43AE-42C-C20, WP 004 C0.',nl,nl,nlj)

ther hydr-prch-cause = 'Incerrectly Wired Indicator or Transmitter'.

/¥===-FLIGHAT CCNIROL PRESSURE INDICATING SYSTEM SYMPTOMS:
SLUGGISE CR ERRATIC POINTER MOVEMENT  ==--- -*/

whenfound(flt-ctrl-press-ind-~symptom =
‘erratic or sl:;gish pointer movement') =
disciay{inl,rl,
Troicleshcot the pressure TRANSMITTER and INDICATCR. ‘
Compare the hydraulic accumulater pressure (direct reading
;auge) to the indicator. If the accumu.iators are reading
rorzal pressure, then the Indicators or transmitter 1is
fauity.”,nl,nl]$.
rule-32: if flt-ctrl-press-ind-symptom =
‘erratic or sluggish pointer movement'
ard 'dir rdg press' = ‘normal’
ard display{(nl nl '
If the direct reading gauge inlicated normal pressure,
then rerlace the indicator or t.= transmi%ter.',6nl])
then hydr-prob-cause =
'Faulty indicator or transmitte:

/****k************* END CF HYDRAULICS MODULE ***xk*****k********/
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